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Position of a heavenly body, and 
Ctorrespondenoe of the celestial and terrestrial spheres. 

Outer cirelt, the celestial ; inner circle^ the terrestrial nphere. N,S, north 
and south polen of celestial sphere NS, axis of the heavens, ns 
axis of the earth, n,/, north and and south poles of terrestrial sphere. 
AWQ, equinoctial, atvq^ equator. KK' the northern celestial tropic. 
ki* the northern terrestrial tropic. PP' and pp' the corresponding 

EDlar circles, x the observer's position. Z his zenitn. Z' his nadir. 
Z' the axis of the hoiizon HwR/R. W, O the east and west points; 
H,R.the north and south points of the horizon. The outer and inner 
circles, and the three curves on each side through N.S* and n»/, 
represent corresponding meridians in the celestial and terrestrial 
spheres. EK'. the ecliptic. V the point Aries. B, a star, whose 
position may be described by BM its latitude, and VM its lorgitude ; 
or by BR' its altitude, and RR', or HR' its azimuth; or by BQ', its 
declination, and VQ ' its right ascension. 
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PREFACE. 



The object of the present work is to furnish a convenient, short, and 
sufficiently elementary text book for students of Geography preparing for 
the examinations on that subject prescribed by the Department of Science 
and Art, or by the General Committee ot Council on Education. In 
the tables of »peciiic subjects of the new Code, both for England and 
Scotland, scholars of the third year, who have chosen Physical Geography 
as their subject, are required to know something of ** the form and size 
of the earth, and its motions — day and night — the seasons of the year, 
how they depend upon the relative positions of the earth and sun ; the 
moon's dimensions and distance — her phases, and the general arrange- 
ment of the planetary system." In the advanced stage of the Physical 
Geography, of the Science Directory, students are expected to have ac- 
quired " so much elementary astronomy as relates to the position of the 
earth in the solar system, its magnitude and rotation, and the influence 
of the sun, moon and other bodies distributed through space on terrestrial 
phenomena." In the Government examinations for certificates as teachers, 
a £imiliar knowledge of the shape, size, and movements of the earth — 
and indeed, of all such geographical phenomena as depend upon 
Astronomy for explanation, is required. There are many excellent 
treatises on Astronomy from which the student might cull the truths and 
the explanations required ; but the very seeking for them in such books 
implies a knowledge of the things sought; and, even when found, 
it is difficult to make note of them, because the explanations often 
depend upon previous explanations of purely astronomical facts. 

The author has, therefore, selected the chief doctrines of Astronomy 
which bear upon Geography, and tried to explain them in simple language, 
assuming no previous mathematical study, and using such illustrations, 
and modes of explanation, as a somewhat lengthened experience in 
teaching the subject has led him to see are most easily understood and 
remembered. He has thus sought to produce a work which, while 
meeting the immediate wants of students of Geography, might also be a 
6tting introduction to more complete treatises on Mathematical Geogra- 
phy, and to the study of Astronomy as a science. 
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THE GEOGRAPHY OF ASTRONOMY. 



I. 
SHAPE OF THE EARTH. 

The earth, as we call the world on which we live, is 
not a large plain, such that if we went far enough in 
any direction we should come to the edge of it ; on the 
contrary it is round like a ball or globe, and has no 
edge. We know this : — 

(i.) Because when a ship sails away 
from us, we lose sight of the hull first, 
and of the top-mast last ; for the surface of the sea 
rises up between us and the ship. The sharp line of 
the sea behind which the ship appears to sink is 
called the offing. 




Fiff . 1.— Soundness of the earth. 

tf, A, terrestrial horizon. 

a, position of observer. 

I, vessel wholly ; a, vessel partly in sight. 

3, vessel out of sight. 

(2.) Because, if it were flat, the sun, moon, and 
stars would each rise and set to the whole of the world at 
the same time. But they rise and set earlier to some 
places than to others. A place to the east has sun- 
rise and sunset earlier than a place to the west. So, 
too, the farther we are to the east, the earlier do we 
see the sun, moon, and stars rise and set. 



lo Curve of the Earth, 

(3.) Because the shadow of the earth when it falls 
upon the moon, and eclipses or hides it, is always 
round. Only an object which is round like a ball or 
globe can have a shadow that is always round. The 
shadow of a ruler, or of a sixpence, or of a hat, is only 
round in certain positions of the light. 

(4.) Because at sea or on a plain, the horizon, or 
line where the sky and the land or water seem to meet, 
is always a circle ; and the higher we are above the 
sea or the plain, viewing it from a mast or from a 
mountain, the greater is the circle. This could not be 
if the earth had any other shape than that of a globe 
or ball. 

(5.) Because the earth has been sailed round. 

(6.) Because the level ground, or a level surface of 
water, rises up, as it were, 8 inches in a mile, as can 
be plainly seen by those who use the instrument called 
a spirit level. In two miles the so-called level 
ground, or water, rises not merely 2 x 8, or 16 miles, 
but 4x8^ or 32 ; in three miles it rises 9 times 8, or 
72 inches; and therefore two very tall men if they were 
six miles apart on a plain would only see each others'* 
heads even with the best telescope, for the ground mid- 
way between their positions would rise between 
them to the height of 6 feet. This could only happen 
on a globe as large as the earth is known to be. 

-^ « .X. 'I'he round world is suspended as it 

Definitions. 

were in space like a balloon in the air; 

and, as we shall have proof by and by, spins round 

like a top once every 24 hours. The central line on 

which it spins is called the axis, and its surface 

roun4 ^the extremities of this line is somewhat flat- 



Great and Small Circles. 
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tened, so that it is not perfectly round or spherical. 
The extremities of the earth's axis are called poles ; 
one the North, and the other the South Pole. Any 
division of a globe has a circle for its outline ; and the 
circular outline of a division which Cuts the globe into 
two equal parts is called a great circle, because no 
greater can be drawn on the globe ; while the outline 
of any section which does not divide the globe equally 
is a SMALL CIRCLE. The great circle drawn round the 
earth's surface at an equal distance from the North 
and South Poles is called the Equator, and the two 
halves into which it divides the surface of the earth are 
called the Northern and the Southern Hemispheres. 
The Northern is that hemisphere in the middle of 
which the North Pole is situated; the Southern, that 
which has the South Pole in its centre. All places 
on the earth lie either on the equator, or to the north, 
or to the south of it. Great circles which pass round 
the earth through both poles, therefore from north to 
south, or vice versd, are called Meridians. Such 
circles, as they cross each other at the poles, have 
the earth's axis for their diameter; and its middle 
point for their common centre. 




"Fig. 2.— Ileridian. 



12 The Horizon. 



Celestial We speak of the space which surrounds 

^^^ the globe, with the sun, moon, and stars 

"^* " in it, as the Celestial Sphere. Owing: 
spheres. ^ 

to our being unable to see with the naked 
eye that the stars, moon, sun, and other objects in 
this space art reallyat different distances from us, one 
far behind the other, we imagine them all as shining 
like golden nails on the inner surface of a hollow 
sphere which surrounds the earth. We imagine, too, 
that this sphere, with the bright objects in it, revolves 
round the earth, because we are unconscious that we 
ourselves are being carried round within it as the earth 
revolves on its axis. The centre of the earth, there- 
fore, and the centre of this imaginary celestial sphere, 
are the same ; and the poles of the heavens are' fixed 
points in the celestial sphere, exactly above the poles 
of the earth. In the celestial sphere there is, too^ a 
circle exactly above the Equator of the Earth, which 
is called the Equinoctial, and may be defined -as a 
great circle in the celestial sphere, equally distant at 
all points from the north and south poles of the heavens. 
Any place on the Equator^ such as Quito, sweeps 
round as the earth revolves, every 24 hours, under the 
stars which are on the Equinoctial. Large circles 
passing round the heavens and crossing at the poles 
are celestial meridians; and as the earth revolves 
each terrestrial meridian sweeps round under those of 
the celestial sphere. 

Horizon '^^® circle on land or sea which bounds 
the view on all sides where the earth and 
sky seem to meet, and which, as we have already 
learned, becomes wider the higher we are, is called 
the terrestrial horizon. To a man of ordinary 



Zenith and Nadir. 13 
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height on a level plain, the most distant part of the 
terrestrial horizon is about five miles off; and all that 
such a man can see on the surface of the earth is 
included within the circle surrounding him at that 
distance. But in the heavens above and around 
us we always see one-half of the celestial sphere, 
whose lower boundary, where it seems to touch the 
earth and coincide with the terrestrial horizon, is a 
circle extended through the centre of the earth, and 
parallel to its level surface, as shewn by a spirit level 
at the point where the observer stands. It is true, as 
we shall find, that the point where the observer stands 
and the centre of the earth are about 4000 miles from 
each other; but at the distance of the places of the 
stars in the heavens, a line 4000 miles long becomes 
as nothing ; and, therefore, the circle extended from our 
position to the heavens and that from the centre of 
the earth to the heavens appear one and the same, as 
the iron rails of a railroad, distant from each other by 
breadth of the way, seem to meet when seen at a 
distance along the length of the line. 

B fln*t* ons ^^ ^^^^ ^^® circle of the celestial sphere 

in which these two circles coincide, the 
CELESTIAL or RATIONAL HORIZON. It always divides 
the visible part of the heavens above from the invisible 
part below us. The central point of the visible half — 
the point, namely, above our heads — is called the 
ZENITH ; the central point of the invisible half is 
called the nadir. To an observer at the poles, the 
Equinoctial would be the rational horizon ; the north 
pole of the heavens would be his zenith; and the 
south pole of the heavens, his nadir. If the ob- 



14 Arcs and Angles. 

server were at any point on the' equator, the north 
and south poles would be on his horizon, the circle of 
which would be formed by a meridian. At any other 
part of the earth the celestial horizon is inclined to 
the Equinoctial, and divides the celestial sphere into 
two halves ; but in the visible half the pole, or the star 
near it called the polar star, will not be overhead, 
nor will the south pole form the nadir. 

Points of At any place, the direction towards the 
the north pole is called the North, and 

CompasB. tj^at towards the south pole the South. 
If we stand with our faces to the north the point of 
the horizon to the left of us is called the West ; that 
to the right of us the East. The celestial meridian 
of any place is the meridian which passes through the 
zenith of the place and through the two poles. In 
doing so it cuts the horizon of the place in two points, 
one the north, the other the south point of the horizon ; 
and any line or bar of steel lying on the eart;h in the 
direction of the meridian, will stretch northward and 
southward. 

Division Every circle, large or small, can be di- 
of vided into 360 equal parts, and each of 

Circles* these parts, whether the circle be as small 
or smaller than a threepenny piece, or as large as the 
line round the world, is called a degree, and marked 1°. 
Of course the larger the circle, the larger the degrees 
will be. Every degree (1°) is divided into, or con- 
tains 60 minutes (60'), and every minute contains 
60 seconds (60"). These minutes and seconds, 
be it remembered, are measures of parts of a circle, 
of arches or arcs — not measures of time. They are 



Manner* s Compass. 15 

used also for measures of the angles or openings 
formed at tRe centre of the circle between any two 
straight lines, or radii, stretching from the central 
point to the ends of any arc or part of a circle. Thus, 
for example, 2° means either the arc of the circle, 
•y^Trths of the whole, or it means the opening (angle) 
of the lines which come from the centre, one to each 
end of the arc of 2®. So go° means either the quarter 
of a circle (-24-2.°), or the opening at the centre between 
two lines, one to each end of it. 90® is called a right 
angle ; and lines at right angles are said to be per- 
pendicular to each other. Perpendicular in this sense 
should not be confounded with upright. A pencil put 
end on to any part of a small globe is perpendicular 
to the surface of that globe, though it may not be up- 
right. 

Angles of In any triangle, the angles— or corners 
a formed by the sides at their meeting — are 

Triangle, measured by the degrees of a circle they 
contain, and geometers can easily prove that all the 
three angles together are equal to 180°. Knowing, 
therefore, one angle of a triangle, we can easily find 
the sum of the other two ; or knowing the sum of two, 
we can easily find the third — for we can subtract the 
number known from 180°. 

Mariner's The circle of the horizon being divided 
Compass, into 360°, there must be 180° in the arc 
from the north to the south point of it, that being half 
round the circle ; and go° from the north to the east or 
west points of it, as well as from the south to the 
east or west points, these distances being each one- ^ 
fourth of the circle. North, south, east, west, are 
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called the cardinal points of the horizon, or compass. 
If we halve the 90® between the north and the west, 
we find the north-west point, which is therefore 45** 
to the west of north. If again we halve the 45° be- 
tween north and northwest, we find a point 22J® west 
of north, which is called north -north-west. So by 
continuously halving or bisecting arcs, we find all the 
32 points of the compass or horizon — each of which is 
ii^° distant from the next. A mariner's compass 
consists of a magnetic needle, which has the property, 
when nicely balanced on a pivot, of lying always in, 
or very nearly in the direction of the meridian, that is 
between north and south, and enables the mariner to 
find easily any other points, by means of a circular 
card on which the 32 points are marked, and to which 
the needle is attached. 

The sun rises always in the eastern and 
^!^d^^ sets in the western parts of the horizon, 

. . ,, and as seen from all countries in 
Azixuutii. 

Europe crosses the meridian of any 

place in the southern part of the sHy. The positiop 

of the sun, moon, or of any object in the celestial 

sphere, may always be told by giving its height above 

the horizon, that is its altitude ; and its distance to 

the east or west round the horizon from the north or 

the south point of it, that is its azimuth. The gres^test 

altitude or height that any star can have is go®, for at 

that height it is in the zenith; and the greatest 

azimuth possible is 180'', or half round the horizon 

from the north or the south point. 

-. . It is of importance that we should be 

able to describe exactly the position of 
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any place on the earth*8 surface. For this purpose we 
must give at least two measurements — namely, the 
latitude and the longitude. The latitude is the dis- 
tance of a place from the equator. As we have seen, 
a place must be either on the equator or at some dis- 
tance from it, to the north or to the south. If it be on 
it, the place has no latitude, because it is no distance 
from the equator : if it be to the south or to the north, 
then it has what is called north latitude or south lati- 
tude. And in the same manner as we reckon by de- 
grees round the horizon, we may reckon by degrees 
round any meridian along which we travel in increasing 
our distance northward or southward from the equa- 
tor. Latitude, then, is distance from the equator, 
measured along a meridian. 

It is clear, that if we travel from the 

Greatest equator to either pole we shall have 
possible , /.,/., 

Latitude. S^"® round one fourth of the circum- 
ference of the earth, or 90° along a meridian; 
and we cannot then go farther from the equator, since 
in moving farther on the curved earth, we should 
begin to approach the equator on the opposite side 
from our starting point. Hence the greatest possible 
latitude, whether north or south, which any place can 
have, is go^ 

We shall find, by and by, that every 
Parallels degree on a meridian, or on a large circle 
t't A round the earth, is somewhat above 69 
miles in length; and thus when we 
say that our latitude is 30° north, or 30® south, 
we mean that the place in which we are lies 30 
times 69 mileSj and somewhat more, northward or 



i8 Longitude, 

southward from the nearest point of the equator. 
If we join all places on the earth that have the 
same latitude, the lines joining them would form 
circles round the earth, parallel to, or equally distant 
at all points from, the equator. Such circles are 
called PARALLELS of latitude, and it is clear that the 
farther they are from the equator, or the nearer to 
either pole, the smaller these circles are 




Tig. 3.— ParaUels. 

When we know the latitude only, we do 
not know exactly where a place is. A 
place which we know to be in 30° north latitude, 
may for aught we can tell be anywhere round the 
whole circle of the 30th parallel. We must have some 
means of marking at what point on that parallel it lies, 
before we can describe its position. The longitude is 
such means. Longitude is the distance of any place 
east or west of a given meridian, measured along the 
parallel of latitude passing through the place. The 
given meridian is called the first meridian, and geo- 
graphers in Great Britain take for their first meridian 
that which passes through Greenwich and the poles. 



Position of a Place. ig 

As latitude is reckoned from the equator, so longitude 
is reckoned from the first meridian ; and clearly enough 
every place must be either on this meridian or to the 
east or the west of it. If on the first meridian, the 
place has no longitude ; if to the east, it has east longi- 
tude ; if to the west, west longitude. 
Length Since the degrees of longitude are.mea- 
of sured along the equator or the parallels of 

Degrees, latitude, and these become smaller the 
nearer they are to the poles, it is clear that the de- 
grees of longitude become shorter too, the farther 
north or south the circle along which they are mea- 
sured. Degrees of latitude being measured on meri- 
dians, are everywhere about 69^ miles; degrees of 
longitude measured on the equator, which is a great 
circle, are of about the same length ; but degrees of 
longitude measured on the parallel which passes east 
and west through Greenwich are only about 43 miles 
in length ; those measured on the 6cth parallel are 
34J miles in length, or only half the length of those 
on the equator ; those measured on the 70th parallel 
are 2^^ miles long, while those on the 8oth are about 
12. Thus the degrees of longitude continually be- 
come less, till at the poles their length is nothing. 
Position The latitude and longitude being known, 
on the the exact position of a place is known, for 
Earth. it must be where the meridian on which 
latitude is measured crosses the parallel on which 
the longitude is measured. These two measurements 
serve the same purpose in describing the position of a 
place on the earth's surface, as measurements of the 
distance from two walls in describing the position ot 
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an object in a room, such as a coin on the floor. If 
we know the distance from a side wall only, the coin 
may be an3nvhere in a line running along the floor at 
that distance ; but if we know also the distance from 
an end wall, then it must be in the point where the 
two lines at these distances from the walls cross each 
other. 

Bieht ^® have seen that the position of a 
Ascension ^^^^ ^^ ^^® heavens may be described by 
and means of the two measurements, altitude 

Declination- and azimuth ; it may also be described 
by two other measurements on the celestial sphere, 
which correspond to latitude and longitude on the earth 
or terrestrial sphere. These measurements are called 
DECLINATION and RIGHT ASCENSION. The distance of 
a star from the celestial equator, or equinoctial, is its 
DECLINATION, and corresponds to latitude on the 
earth ; and its distance from the celestial meridian^ 
which passes through the celestial poles and a well- 
known point of the heavens called Aries, is its right 
ASCENSION, and corresponds to longitude. Declina- 
tion is measured from the equinoctial along a celestial 
meridian; right ascension is measured from the point 
Aries along the equinoctial. 

The Some of the more important of the circles 
Zones. parallel to the equator, or parallels of 
latitude as they are called, demand attention. At 
23^° from each pole, and therefore at 66 J® on each 
side of the equator, are the polar circles — the North 
Polar and the South Polar, — or, as they are often called 
the Arctic and Antarctic circles. Again, at 23 J** north 
of the Equator is the northern tropic, or tropic of Cancer* 
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and at 23^^ south of it, the southern tropic, or tropic 
of Capricorn. These four parallels divide the surface 
of the earth into zones, or belts. Between the 




Fiff. 4.— Bqnator, Tropios, and Polar Circle* 
tropics is the torrid zone; between the tropics and 
the polar circles lie the temperate zones — north and 
south ; and within the polar circles, surrounding the 
poles, lie what are called the frigid zones. The 
names tell the prevailing climate in each zone. 




Fiff. 6.— Zones. 

Attrac- Since the world is round, it may be asked, 

tionofthe why do not the people fall off who live on 

Siartli- the other side of it from us, and whose feet 
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Vertical Lines. 



must be upwards and heads downwards ? To 
answer this we must consider what falling means. 
It means coming down to the ground; and as we, 
when we fall from a height, come to the ground, so 
do they who live on the other side of the world. 




Fi^. 6.-Convergrence of Vertical lines. 
R, S,T, V, X, places on the surface of the earth. 
Z, Z',Z", Z"',Z"", their respective zeniths. 
2R, Z'S, Z"T, Z"'V, vertical lines along which bodies fall toward! C, 

the centre of the earth. 
X, antipodes of R. 

■ 

The truth is, the earth has the power of drawing the 
bodies which we call heavy towards its centre, and 
towards this they all fall till they are stopped by the 
ground. A line from any height above the earth to 
its centre is called a vertical line, or merely a 
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VERTICAL, and along such a line falling objects must pass 
till they reach the ground — along it, too, a plumb line 
hangs. To anyone anywhere down means towards 
the earth's centre, and up means along the vertical 
away from the centre towards the point of the sky 
above our heads. Since the verticals converge to the 
centre of the earth, they diverge from each other in 
passing from the centre to the zeniths of different 
places, and will point to parts of the heavens as many 
degrees from each other in the celestial sphere, as the 
places are separate from each other in the terrestrial. 
Down and up are, therefore, merely relative terms ; 
and those who live exactly at the opposite part of 
the world from us, our antipodes as they are called, 
are as much on the upper surface of the earth as we 
are. 



EXERCISES. 



Give proofs that the earth is round. Define the following terms : — 
Axis, poles, equator, horizon, zenith, nadir, meridian. Distinguish 
between a great and a small circle in a sphere. Distinguish between 
the celestial and the terrestrial spheres. Distinguish between the ter- 
restrial and the rational horizons. How is a circle divided ? What is the 
relation between arcs of a circle and angles ? Describe the mariner's 
compass. Define altitude and azimuth. What is latitude? longitude? 
What is the use of these measurements? Define right ascension, and 
declination. Name the different zones of the earth. What parallels of 
latitude bound each zone? Show that -< down ' and 'up' are relatlTC 
terms. What is a vertical line? 
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II. 
MAGNITUDE OF THE EARTH. 

The earth "being a sphere it would 
Modes of be easy to tell the size of it, could we 
Measurement, descend into its bowels and measure 
the distance from the surface or circumference to the 
centre — that is, measure the radius of it. For the 
radius being doubled, forms the diameter; and the 
diameter of a sphere being multiplied by 3.1416 gives 
its circumference ; and from these all other measure- 
ments of the sphere can be found. Or again, if we 
could travel round it along any meridian^ or along the 
equator, we might measure the circumference of either 
of these circles directly. This, indeed, cannot be done, 
but there still remains the fact, that as the circumference 
of a sphere is a circle, or 360% if we could but measure 
one degree of that circle, then by multiplying the 
length of that one degree by 360 we should learn the 
length of the whole circumference. The question of 
measuring the earth, then, resolves itself into finding 
the length of one degree. The difficulty lies in know- 
ing when we have gone over one degree, or -3^0'th part 
of the earth's circumference, so as to measure it. 

By considering that the earth turns 
Measurement round a complete circle, or 360**, in 

^ ^ *, 24 hours, and therefore 15° in one 

^^e&ree dv 

time hour, or i® in four minutes of time, we 

can judge that any two places on the 

equator whose meridians are crossed by the same 

star, but the one four minutes later than the other. 
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must be i® of longitude from each other. The one 
must be so far west of the other. We might then 
measure the actual distance between these places, 
and having thus found the actual length of i"* on the 
equator, multiply it by 360 for the whole circumference 
of the earth at the equator. 

By the ^^' ^^TiCQ the space of the heavens and 
height of *^^^ ^^ ^^® earth are concentric, it follows 

a star. that if we can move along any meridian 

till a star at the zenith of our starting 

point is one degree below it— then, since we have 

made our zenith change i® in the heavens we must 

have gone over 1° upon the earth. We might now 

retrace our steps and measure the distance passed 

over ; and, could such a thing be done, we should find 

that this distance is about 69J miles ; so that the whole 

circumference of the earth would thus be shewn to 

be 6gJ x 360, or in round numbers 25,000 miles. 

The actual mode of measuring the cir- 

i.?^ cumference of the earth somewhat 
method. 

resembles this. At no part of the earth, 
perhaps, is it practicable to move along 1° with- 
out departing from the meridian line. Inequal- 
ities of the surface, rivers, forests, marshes, and 
mountains block the way; A short line is first care- 
fully measured in a level country. This is called a 
base line. Then starting from this line, the lengths 
of the lines, and the angles formed by the lines which 
join a number of accessible points on either side of 
the meridian, are measured; and from these measure- 
ments, by the known rules regarding the sides and 
angles of triangles, the exact distance between two far 
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remote points on the same meridian is at length 
found. Suppose that a vertical, or plumb line at one 
of these remote points of the meridian points upwards 
to a certain star in the heavens, while the vertical at 
the other points 36° south of that same star, then the 
two remote points are 36° from each other, and the 
distance between them is clearly -j^^th of the whole 
circumference of the earth. 

If the earth were exactly a sphere this 

Difference would suffice, and any number of de- 

of grees measured anywhere on its surface 

I>eg^ee8 of ^q^j^ always be equal to the same 

number measured anywhere else. But 
exact measurements have shewn that a degree mea- 
sured near the equator is something less than one 
measured near the poles. One measured in Sweden 
is two-thirds of a mile longer than one at the equator ; 
one in Scotland 100 yards longer than one in the 
South of England; one in Russia 800 yards longer 
than one in India. It follows from these facts that 
the earth is not exactly spherical, but is flattened as 
we approach the poles. The diameter is longer across 
the equator than from pole to pole, and a man on the 
ground at the pole is therefore nearer the centre of 
the earth than one on the ground at the equator. 
Exact measurements give the equatorial diameter as 
7925.604 miles, and the polar as 7899.114. There is 
thus a difference of 26.49 miles, so that the distance 
from the poles to the centre of the earth is about 13J 
miles less than that from the equator to the centre ; 
and the flattening at the poles is about -j^th of the 
radius at the equator. 
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Irregiilarities By considering these measurements 
on the earth's it is easy to see that the high moun- 
■'"'^*®®- tains and deep hollows which we 

know to exist on the earth's surface do not really con- 
tradict the statement which may now he made, that 
the earth is a sphere or glohe somewhat flattened at 
the poles — a, figure of which an orange gives a good 
idea, except that the flat parts of the orange are too 
flat The very highest mountain on the earth is not 
quite 5 miles above the sea level, that is, not quite 
7^^th part of the earth's radius. On an artificial globe 
six feet in diameter, this mountain would have to be 
raised from the surface only ^Vth of an inch — a rough- 
ness that would not be easily perceived, and would 
not affect the roundness of the globe. 



EXERCISES. 

what is the ratio of the circumference to the diameter of a circle f 
If the length of a degree of a circle were known, how could the whole 
circumference be known ? How might the length of a degree on the 
equator be found ? How may it be found along any meridian ? What 
is the average length of a degree on a meridian ? How great is the 
circumference of the earth in round numbers ? By what process is 
a portion of a degree on the earth's surface actually measured? 
How is it found what part of the whole circumference the portion 
actually measured is ? Give the exact lengths of the polar and equa. 
torial diameters of the earth, and their difference. Show that the 
heights and hollows on the earth's surface do not af!ect its roundness as 
a whole. 
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III. 
ROTATION OF THE EARTH. 

That the earth rotates on its axis is proved by : — 

(i.) The apparent daily motion of the 

Proofs. sun, moon, and most of the stars from 

east to west. 

(2,) The alternations of day and night. 

(3.) The flattening of the earth at the poles, and 

the consequently greater weight of the same object at 

the poles than at the equator. 

(4.) Foucault's pendulum and gyroscope. 

(5.) The trade winds. 

. . The sun, moon, and most of the 

Apparent ' ' , . 

movements stars, appear to go round from east to 
of the stars, west everyday, but this motion of theirs 

.is only apparent, and is caused by our 
going round on the earth in a contrary direction ; as 
trees, houses, and telegraph posts appear to us to be 
flying backwards, while we ourselves are really going 
forward in a railway carriage. We are unconscious 
of the movement of the earth, because all things on it 
move along with us ; as in the cabin of a smoothly 
sailing ship we are unconscious of the ship's move- 
ment, because all things in it move with us, and lead 
to the delusion that the objects on shore are going the 
contrary way. 

.-^ ^ *•. , . The alternations of day and night 

Day and Night. r ., . ., , 

are proofs that the earth rotates 

once every 24 hours, since they are the consequences 

of that rotation, and have been traced to no other 
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cause. By reason of it, each place on the earth is 
brought, at one part of the 24 hours, round in front of 
the sun, and then has day ; the places on the opposite 
side of the earth are at the same time turned away 
from the sun* and then have night. 
The heavens But why may it not be that the 
do not sun, moon, and stars move round 

revolve. ^jjg earth every 24 hours, the earth 

being at rest ? Because the sun, as we shall learn 
by and by, is more than a million of times larger 
than the earth, and 91 million of miles away from it. 
To move round the earth daily, keeping always about 
such a distance from it, the large body of the sun 
would require to move at the rate of about 70,000 
miles every second ; whereas, for the comparatively 
small earth to turn round on its axis daily before the 
sun, no part of its surface need move more quickly 
than at the rate of about 1,000 miles per hour, or about 
seventeen miles per minute. The idea that, for the sake 
of giving light and heat to all parts of the earth, the 
sun should move round it, is like that of making a fire 
revolve round a fowl in order to cook it, instead of 
turning the fowl before the lire on a spit. Galileo, 
the famous astronomer, compared the notion of the 
sun's revolving round the earth to that of making the 
land turn round, in order to shew Venice from the 
cupola to a traveller, rather than cause the traveller 
to turn his head. 

The flattening of the earth at the poles 

Flatness affords proof that the earth rotates. For a 
at the 
Poles ^"^^ sphere turning rapidly round would 

assume such a flattened shape as the 
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earth has ; and there is good reason to believe that 
the earth was once a spherical mass of heated fluid. 
Because of this deviation from the spherical shape we 
have seen that the surface of the earth at the poles is 
nearer the centre by 13 miles than that at the equator; 
we have seen, too, that all objects are drawn to the 
earth by a force tending to the centre, and stronger 
the nearer they are, on or above the surface, to that 
centre. The force with which objects are thus drawn 
towards the earth's centre constitutes their weight ; 
and this is consequently greater at the poles than at 
the equator, since at the poles bodies are nearer the 
centre than at the equator. From this increased force 
of the attraction to the earth's centre, it has been cal- 
culated that a heavy body weighs more by ^^x)tJ^ P^rt 
at the poles than it would do at the equator. 

Centrifueal ^"* '^® rotation of the earth also 
Force. lessens the weight or pressure of bodies 
by means of what is called centri- 
fugal force — namely, that force by which objects 
moving in a circle tend to fly off in a straight line at 
right angles to the radius of the circle of movement, 
so soon as the force which keeps them moving in a 
circle ceases. For example, a stone flies off from a 
sling when the cord which kept it revolving round the 
slinger's arm is slipped. This offward pressure, so 
to speak, not upward pressure let it be noticed, acts 
upon all objects at the surface of the earth, and the 
more strongly the larger the circle in which they 
revolve in a given time. It is clear that objects on 
the large circle of the equator must have a greater 
offward pressure than those oa the email parallels of 
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latitude, since all objects on the earth describe daily 
circles in the same time, namely, that in which the 
earth revolves. At the poles the length of the circle 
of revolution is nothing, at the equator it is nearly 
25,000 miles. The centrifugal force at the equator 
lessens the downward pressure of any object by -j^th 
part of that which it would have at the poles, where 
there is no centrifugal force ; so that from this cause 
a body weighing 289 lbs. at the poles would weigh 
only 288 lbs. at the equator. 

Now, if we add the yj^ of diminu- 

whole ^^Qjj Qf weight at the equator because of 

erence ^^^ greater distance from the centre, to 

the yh^ of diminution because of the 
centrifugal force, we get the fraction -j^ (since 3-^ 
+ -^^ ~ xfrr) ^^^ *^® whole increase of weight at 
the poles on account of the rotation and consequent 
shape of the earth. Therefore 194 lbs. at the poles 
will weigh only 193 lbs. at the equator; and it has 
been calculated that were the earth to rotate with 
about 17 times its present speed of rotation, bodies at 
the equator would have no weight at all, for the off- 
ward pressure of centrifugal force would then counter- 
act the downward pressure to the centre of the earth. 

There is a beautiful experiment of the 
FoucaiUt's French astronomer, Foucault, which 

proves, and, as it were, lets us see that 
the earth rotates. A heavy, freely-moving pendulum 
is set swinging from a lofty ceiling in a given plane 
of oscillation — directly over a straight line drawn in 
black on the floor. After a while the pendulum, 
without having been touched, swings in a direction 
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slightly oblique to the line on the floor, and its plane 
of vibration becomes more and more oblique as time 
goes on, till the different courses of its vibrations have 
formed a circle round the black line. The reason is, 
that the pendulum by what is called its inertia, or 
powcrlessness to change the direction of its motion, 
swings on in the direction in which it was set swinging, 
while the earth turns round under it. Fields, woods, 
and towns revolve with the globe on which they are 
lixed ; the pendulum keeps unchanged its original 




direction. If such a pendulum were hung over the 
pole of the earth, the black line under it would really 
move round in a circle in 24 hours; but, to the ob- 
server, unconscious that both he and the black line are 
rotating with the earth, it would seem as if the pen- 
dulum had been constantly changing its plane of 
vibration and had completed a circle of changes over 
the line. At the equator such a pendulum would shew 
no changes in the plane of vibration, for there the 
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earth in its rotation would not be carried round under 
it, but would carry the plane of vibration along with 
it. At places between the equator and the poles, the 
times in which the planes of vibration of such a pen« 
dulum complete a circle are longer the farther from 
the poles. At the latitude of 30^ a circle is completed 
in two days ; at London in 30 hours ; at Paris in 32. 
Gyroscope Foucault also invented the Gyroscope, 

which proves the same thing, and makes 
it evident to the senses. This is a wheel with a very 
heavy rim, turning easily on horizontal pivots fixed 
on the inner sides of a ring. The ring turns on per« 
pendicular pivots fixed into the framework of the 
instrument. The arrangement is thus like the gimbals 
of a ship's compass. The wheel set whirling in any 
direction but that of the earth's axis tends always by 
the great weight of its rim to keep in that direction, 
while the framework of the machine turns round with 
the earth on which it rests. Thus the wheel would 
describe a circle within the frame in 24 hours at the 
pole, and takes a longer time to do so near the equator. 
To set the wheel whirling in the direction of the 
earth's axis— namely, from north to south, or the 
reverse — could- shew nothing; since, as we shall see, 
that axis, like the plane of the wheel's motion, is 
unchangeable, and the two directions would continue 
to coincide. 

, ,^. , The trade winds are results of the 
Trade winds. 

rotation of the earth, and therefore 

proofs of the fact that it rotates. Two-thirds, indeed, 

of the force of all the winds of the world is force given 

out by the globe as it rotates. The great heat of the 
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torrid zone expands the air ; it rises, and cold air from 
the north and the south rushes in to occupy the place 
of the expanded air. Were the earth fixed, we should 
thus have a constant wind from the north — that is, a 
north wind, blowing along the meridians in the 
northern hemisphere — and a constant south wind in 
the southern hemisphere. These winds would be 
constant, since the heating of the tropical regions by 
the sun is constant. But the earth rotates on its axis 
from west to east, and places on parallels of latitude 
near the poles have much less speed eastward than 
places on parallels near the equator. 

Now since, in the northern hemisphere, the air 
from the polar regions is carried southward, having 
only the velocity eastward of the regions from which 
it came, it has less speed eastward than the places at 
which it arrives, and therefore it lags behind ; or the 
meridians, as it were, slip along below it on their 
course from west to east. The wind from the north 
cannot therefore continue to blow along the meridians; 
it must cease to be a direct north wind, and from its 
being left behind in the west will become a wind from 
the north and east — tjiat is, a north-east wind. 

In the same manner, the direct south wind from the 
pole in the southern becomes a south-east wind. As 
the parallels do not differ greatly in length near the 
equator, there is but little increase of this eastward 
tendency, and the winds from the north and south die 
out, leaving a region of calm about the equator. The 
constant winds from the north-east in the northern 
hemisphere, and from the south-east in the southern, 
are called the Trade Winds. 
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The air which rises at the equator 
Winds. ^^®® towards the poles. Were the 

earth still, there would thus be in the 
upper regions of the atmosphere a south wind in the 
northern hemisphere, and a north wind in the southern. 
But, as the earth revolves, the speed of this wind east- 
ward, or from the west, is much greater than that of 
the places to which it successively approaches. As it 
approaches cooler regions it cools, and begins to de- 
scend ; and between the 35th and 60th parallels shews 
itself as a south-west wind in the northern hemisphere, 
and as a north-west wind in the southern. These 
winds are sometimes called the Anti-Trades, or return 
Trade winds; they prevail on the Atlantic and Pacific 
Oceans. 

The Monsoons. ^" *^® ^^^'^^ ^^^^^ *^« "°^'^- 

east trade wind blows even to the 

equator during the winter half-year of the northern 

hemisphere, that is, from October to Af>ril. But 

during the summer half-year, or from April to October, 

a south-west wind blows in this ocean. The air, then, 

over the continent of Asia is heated, expanded, and 

raised ; and the cooler air from the Indian Ocean 

presses from the equator northwards towards the 

mainland. It thus passes continually towards shorter 

parallels of latitude, and to places moving eastward 

with less velocity than it has. Therefore it becomes to 

these regions between the equator and the continent 

of Asia a south-west wind. These north-east and 

south-west winds of the Indian Ocean are called 

MoNSOONS ; and, like the trade winds, are both results 

and proofs of the rotation of the earth on its axis. 
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EXERCISES. 

State fife proofs of the earth's rotation. What causes the apparent 
moTements of the stany sphere ? GWe illustrations to show that it 
is improbable that the heat ens revolt e round the earth. How, and to 
what extent, is the weight of objects affected by the shape of the earth 
at different parts of it? How, to what extent, is the weight of objects 
affected by centrifugal force ? In what direction does centrifugal force 
act f What is the amount of the whole diminution of weight at the 
equator, from increased attraction and diminished centrifugal force at 
the poles ? Describe the apparent movement of Foucault's pendulum : 
(a) at the poles ; (b) at the equator ; (c) at a middle latitude. Describe 
briefly Foucault's gyroscope. Show how the trade winds and the mon- 
soons result from the rotation of the earth. 



IV. 
LONGITUDE AND LATITUDE. 

Longitude, as we have seen, is the 
Finding ,. r , \ n 

- *• distance of a place east or west of a first 

I«ozieitude. meridian. Any meridian may be chosen 

for the first — that which passes through 
Paris, New York, or Greenwich. The British geo- 
graphers choose that which passes through Greenwich. 
Since the earth turns completely round, from west to 
east before the sun in 24 hours, it is clear that 360^ 
of the earth's surface pass directly in front of it 
during that time ; or 180® in twelve hours ; 90® in six 
hours ; 30° in two hours ; and 15** in one. The me- 
ridian, therefore, of places that are 15^ east of the first 
meridian will come in front of the sun one hour before 
the first meridian itself. All places have midday when 
the earth by its rotation brings them directly in front 
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of the sun ; and, therefore, a place 15® east of the 
meridian of Greenwich will have 12 o'clock one hour 
before it is 12 at Greenwich— namely, when it is only 
II there, and of course when it is only as yet 10 
o'clock at places 15"* west of Greenwich. Therefore, 
for every hour of difference in the time of two places 
as regulated by the midday sun, there must be 15^ of 
difference in their longitudes ; and proportionally, for 
every four minutes of difference there must be a dif- 
ference of i"* in longitude. The finding of longitude, 
then, consists in finding exactly the difference between 
the time at a place of which the longitude is required 
and that at Greenwich, or any other place on the 
first meridian. 

__ , Thus, if it be 6 o'clock in the evening 

Bzaxiipies* -, , ... 

at Calcutta when it is 12 noon at 

Greenwich, the longitude of Calcutta is 90® (6x 15®). 

The lona:]tude, is east because it is later in the day, and 

the sun has passed over Calcutta on its daily course 

from places east to places west. So, if it be 7 in the 

morning at New York, when it is 12 at Greenwich, 

the longitude of New York is 75® (5 X 15°) west. It 

is west, because the sun in its daily course has yet 

to bring noon there. 

The question of longitude resolves itself 

• ... therefore into how to find the difference 

to time. ^^ *^™® ^8 *o^^ by *b® clocks of two 
places at the same absolute moment of 
time — the moment now passing at both places. This 
may be done by carrying a perfectly going watch, or 
chronometer, set say to Greenwich time, to the place 
whose longitude is required, and comparing.it with 
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the time shewn on the clocks there. Or, it may b6 
done by watching the exact moment on the clocks of 
both places at which some event happens, that can be 
seen at both places at the same moment. Such events 
are eclipses of the sun, or moon, or of Jupiter's satel- 
lites. Of a similar nature, too, are telegraphic signals 
made from one place to the other; or the firing of 
rockets on a day agreed upon. 

But longitude is best and most conve- 
Method niently found at sea, by observing the 

moon's place among the stars. The 
distance of the moon from well-known stars, or the 
moment of her hiding a star, is published yearly for 
every three hours, three years in advance ; and the 
sailor, observing a given distance of the star and the 
moon, or the hiding of the star at a given moment of 
his time at sea, can find from the almanac the exact 
time of the same distance between moon and star, or 
the same covering of a star in Greenwich time. Al- 
lowing 15° for every hour of difference of the two 
times, and i* for every four minutes, his longitude is 
now easily calculated. This is called the lunar method 
of finding longitude. 

Latitude may be found by observa- 

Finding tion of the polar star. If we were 

*r exactly at the pole, at latitude 90°, 

by the Polar *^® P°^® ®*^^' which is a star very 
Star. near the actual pole, would be in our 

zenith, or 90° above the horizon. Again, 
if we were at the equator, where our latitude is 
nothing, the pole star would be on the horizon — no 
height above it. If now we advance i^ northward, 
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the pole star would appear to have risen i°; if we 
advance 2% it would appear to have risen 2°, and so 
on, till when we have advanced gb^, the star's height^ 
or altitude, is also 90^. Thus, as many degrees as we 




Pig>.8.-l)fl[ode8 of finding latitude. 
The Inner circle represents the earth. The Outer circle represents the 
celestial sprhereu z, a p4ace on the ««rtb. Z, its senkh. EZ or e9 
the latitude of observer. P,P', p,p' the celestial and terrestrial 
poles. HO, tlie horizon of the place x. EQ, the equator. S,S,Ss, 
<lifferent positions the of sun. 

From E to P is 90®, and from O to Z^ is 90®; from Z to P is part of 
H)th, and takiiig it away, EZ the latitude equals OP the polar height. 
S£, 8,.E, S E are different declinations; and the latitude EZ is either 
«z+£S^ or S|Z-£6, cr E?,— Z8, ; that is, the declination added to, or 
subtracted from the zenith distance; or the zenith distance sub- 
tracted from the declination. 

are from the equator, so many is the pole star above 
the horizon ; and, therefore, the latitude is always the 
same as the altitude of the pole. 
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But, again, since our latitude is 

di t ^^^ * always the distance of our position 

of the Sun. ^^^"^ *^® equator, in degrees of the 

earth's circle, and since, the circles 
of the heavens and the earth are concentric, the dis- 
tance of the point above our head, our zenith, from 
the equinoctial, or celestial equator, will be the same 
number of degrees as our latitude. Now, if we ob- 
serve the distance of the sun below our zenith at noon, 
and learn from the almanac its declination or distance 
above the equinoctial, then by adding these distances 
we get the distance of our zenith from the equinoctial 
and this is oui latitude. Should the sun happen to 
be farther from the equinoctial than our zenith is, 
that is, should its declination be greater than our 
latitude, then we must subtract its zenith distance 
from its declination, and we get our zenith distance 
from the equinoctial of that is our latitude. Or, 
should the sun be south of the equinoctial, as it is in 
winter, while we are north of it, then we must subtract 
its declination from its zenith distance, and again we 
get the distance from our zenith to tho equinoctial, 
•^ur latitude. 

EXERCISES. 

What connection has the finding of longitude with the rotation of 
the earth? How is time connected with distance in longitude? By 
what means may the difference of time at two places on different 
meridians be found ? Describe the lunar method of finding longitude. 
How may latitude be found by means of the polar star ? How may it 
be found by the zenith, distance of the sun: (a) When the sun is 
south of the equinoctial and the obtenrer north of it ? (b) When 
the &un and the obsenrer are both north of the equinoctial ; but (i.) 
the sun nearer the equinoctial than the zenith of the obsenrer ; and 
(z.) the zenith of the obsenrer between the sun and the equinoctial ? 
(c) When the sun is on the equator ? 
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V. 



ANNUAL MOTION OP THE EARTH. 



■a ^t., ^'1. The earth, besides turning on its own 

elliptical. ^^^® °"^® every 24 hours, describes a 

course round the sun from west to 
east through the heavens, and completes it in exactly 
a year. This course is not circular, but forms a curve 
called an ellipse, which may be described as a kind 
of flattened circle, some parts of which are nearer the 
centre than others. Thus, the motions of the earth, 
turning on its axis and going round the sun, resemble 
those of a carriage wheel revolving and going forward 
at once, or those of a person waltzing, who whirls 
round and makes the circuit of the ball-room at the 
same time. 

That the earth completes a circuit 
round the sun in a year is proved by 
the following circumstances :-« 

(i.) The sun appears every year to complete a 
circuit among the stars. 

(2.) The variations of the seasons, and the varying 
length of day and night, are consequences of the 
earth's annual motion round the sun. 

(3.) Certain changes occur in the apparent move- 
ments of the planets, which can only be explained on 
the supposition that the earth moves round the sun. 

(4.) The light of the planet Jupiter and its moons is 
later of reaching the earth at certain times than at 
others. 



Proofs of 
Annual motion. 
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(5.) The fixed stars alter their apparent positions in 
correspondence with the earth's changing positions 
in its orbit round the sun. 

o , ^ The apparent course of the sun 

Sua's appaient 

circuit. among the fixed stars can be traced 

by careful observation. While going 
down in the west on the ist day of January, for ex- 
ample, it sets along with a certain star visible near it. 
On the 2nd of January the star will have set before 
the sun; the sun has apparently moved eastward since 
yesterday, and now sets with other stars. On the 3rd 
of January it will set along with stars still more to the 
east. And if we had chanced to observe what stars 
were rising in the east as the sun went down on the 
evening of the ist of January, we should find by 
watching that on the ist of July, half a year from the 
beginning of our observations, the sun sets along with 
these. It appears, therefore, during this time to have 
moved half round the heavens among the stars, while 
rising and setting daily. It will still, if observed, be 
found to change to stars a little farther east ; and by 
next ist of January will again set with the same stars 
as on that day last year. Thus, in a year, it appears 
to have described a circuit among them. This ap- 
pearance of movement might, indeed, be a real 
movement, but would in no way appear different if it 
were only a movement of the earth round it ; and the 
fact that the sun is above a million times larger than 
the earth renders it, as we have seen before, much 
more probable that the earth moves round the sun, 
than that the sun moves round the earth. 
Experiment. To understand the sun's apparent 
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change of place among the stars, let us make 
a simple experiment. Let us set a lighted lamp 
on a table in the centre of a room, the walls of 
which are covered with pictures, and let us begin from 
the western wall' to walk round the room. If when 
starting we look towards the lamp, we shall see it, as 
it were, shining among the pictures on the eastern 
wall. Let us now walk along the northern wall ; the 
lamp in the centre will then appear against the pictures 
on the southern wall, and if we could have been uncon- 
scious of our change of place we might have thought 
that the lamp, not we, had been going round. At the 
eastern wall we should see the lamp against the pictures 
on the western, and at the southern among those on 
the northern, till when we had completed our course 
round the room, it would again have its first position 
among the pictures on the eastern wall. These are 
exactly the same appearances as would occur were we 
to station ourselves in the centre of the room, and the 
lighted lamp to be carried round us. In a similar way 
the sun at rest in a known point within the earth's 
orbit, appears to us on the moving earth to change its 
place among the starry groups, from day to day, and 
from month to month. 

The sun moves always along the same 
line, and among the same groups of stars, 
each successive year. Its apparent track is called the 
Ecliptic, or sun's path ; though of course, it is really 
the earth which has a path ; and while it is in any one 
part of that path, the sun seems to be in the opposite 
part, as to us at one wall the lamp seemed to shine 
amongst the pictures on the opposite one. The stars 
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among which the sun passes yearly form well-known 
groups or constellations — each group being fancifully 
considered to represent a certain object, generally an 
animal. 

The belt of the heavens on each side of 
the ecliptic which these groups occupy is 
called the Zodiac, and the groups of stars are called the 
signs of the zodiac. Thus the ecliptic, like the equinoc- 
tial is, a large circle in the sky — the equinoctial being 
the extension of the earth's equator to the celestial 
sphere — the ecliptic the circle in the celestial sphere 
which the sun seems to traverse. These two circles 
occupy different positions and cross or cut each other 
at opposite points of the heavens. They, of course, 
coincide at the points of crossing or intersection ; but, 
at the parts where they are widest asunder, the space 
between them is 23!^® of the celestial sphere. The 
ecliptic is in one part, therefore^ 23^^° north of the 
equinoctial, and in another 23^^ south of it 

„ . ^. , The sun is never out of the ecliptic, 
Equinoctial ^, ^u • •* ^u u ^* • •4.- 

points. * being its path; but twice a year it is 

seen also on the equinoctial ; namely, 

when it is in those points of its path which cross that 

line. When on the equinoctial in spring it is said 

to be in the point Aries ; it passes thence through 

one constellation after another north of the equinoctial, 

till in autumn it is again on that circle in the point 

named Libra. During the next half of the year it passes 

along south of the equinoctial back to Aries. Aries, 

then, and Libra, are points in the heavens, both in the 

ecliptic and in the equinoctial. 

Constellations. The successive constellations, or 
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signs of the zodiac are: Aries, the ram; Taurus^ 
the bull; Gemini, the twins; Cancer, the crab; Leo, the 
lion ; Virgo, the virgin ; Libra, the balance ; Scorpio, 
the scorpion; Sagittarius, the archer; Capricomus, the 
goat ; Aquarius, the waterman ; and Pisces, the fishes. 
When the sun is in the highest point of its apparent 
path above the equinoctial it is in Cancer ; when in 
its lowest below, it is in Capricorn. The actual groups 
of stars so named do not now correspond with these 
names of the sun*s positions, though they did so 2,200 
years ago. We shall learn the reason soon. 

Solstice Since the declination of a heavenly body 
and means its distance from the equinoctial, 
Equinox, the sun's declination on the 21st of March 
and 23rd of September when it is on the equinoctial is 
nothing. On the 21st of June its declination is 23^^ 
north, and on the 21st of December 23^^ south. The 
points where the sun, or the sun's path, crosses the 
equinoctial are called the equinoctial points, and the 
times of crossing are called respectively the vernal and 
the autumnal equinox. The interval between the sun's 
leaving an equinoctial point and returning to it is called 
a TROPICAL TEAR. The two points where the sun is 
at its greatest distance along its path from the equinoc- 
tial are called the solstices — respectively the summer 
and the winter solstice. 
Celestial '^^® sun*s distance from the point Aries 
latitude along its own path is called its longi- 
and tude. For the ecliptic is to the celestial 

longitude, sphere what the equator is to the earth, — 
the circle from which latitude, and round which longi- 
tude is measured. In the celestial sphere distance 
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from the ecliptic is latitude, and distance around it 
from the first point of Aries is longitude. The sun can 
never have latitude, since it can never be at a distance 
from its own path ; its longitude at the summer solstice 
is 90^ ; at the point Libra, ISC'" ; at the winter solstice> 
270°. 

The variations of the seasons are consequences of 
the earth's annual orbit round the sun, and therefore 
Causes proofs of it. The changes of the seasons, 
of the in fact, depend upon three causes, (i) the 
Seasons, annual orbit ; (2) the fact that the earth's 
axis is inclined to the plane of its orbit ; and (3) the 
fact that the axis preserves invariably the same direc- 
tion in space. 

- f^f ^' 1 The orbit which the earth describes is, as 
1. Elliptical 

Orbit of ^^ have said, not a circle, but an ellipse^ 
the Earth, an oval figure, as artists would say. A 
circle has all its diameters alike in length, but an 
ellipse has two chief diameters, or axes, as they are 
called, of which the one, called the major axis, is 
longer than the other, called the minor axis. Two 
points on the major axis at equal distances from the 
centre of the ellipse are called the foci. The sun is 
placed in one of the foci of the ellipse formed by the earth's 
orbit, distant from the centre by about ^^^^th of half 
the major axis, or above i^ million of miles* This 
distance from the centre is called the sun's eccentri- 
city; and owing to' the sun being so placed, the earth is 
at one part of its orbit three million of miles nearer the 
sun than at the opposite part of it. This, strange to 
say, happens in our winter ; — but, as we shall see, the 
position of the northern parts of the earth in summer 
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is such as to cause the increase of heat then, in spite 
of the greater distance of the earth from the sun. 
When the sun is nearest the earth it is said to be in 
PERIHELION ; when at its greatest distance, it is said to 
be in aphelion. 

2. Inclination ^^^ ^^^^ on which the world rotates is 
of the Axis inclined to the plane of its orbit ; that 

of the Earth, is, it leans towards the space within 
the earth's orbit, or the extension of that space, and 
leans towards it by 23^^ off the perpendicular — exactly 
the number of degrees by which, in the celestial sphere, 
the equinoctial is inclined to the ecliptic. This axis, 

_ _ „ _. too, leans always in the same direction, 

3. FaraUelism , , . , , , 
of the A-gia so that the earth proceeds round the 

sun much in the same way as a top 
moves, which riins forward and leans to the ground as 
it spins. But the earth's axis points always the same 
way, in whatever part of its orbit the earth may be. 

We may now easily construct a diagram to illustrate 
the changes of the seasons and the different lengths of 
day and night. Draw an ellipse for the earth's orbit. 
Place the sun nearly in the centre. Draw next four 
circles at four opposite points of the orbit to represent 
the earth in four different parts of its yearly course, 
namely, its positions on the 21st March, 21st June, 23rd 
September, and 21st December. Draw NS to represent 
the axis of the earth in each of the four circles, inclined 
23I'' to the plane of the elliptical orbit, so that the four 
lines NS shall be parallels, and therefore all point in 
the same direction. Draw also the equator, chief 
parallels, and meridians in each figure. Now shade 
each figure so that the half of the earth which is 
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turned away from the sun shall be dark, and the 
half nearest it bright. 

The circle nearest the observer representing the 
position on 23rd September, in the foreground, so to 
speak, of the diagram, must have the whole of its 
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Fiff. 0.— The Seasons, and Slgne of the Zodiao. 
OnSep. 23, the earth as ieen from the min is in Aries, while the sun as seen 
from the earth is in Libra. June 21, earth in Capricorn, sun in Cancer. 
Dec. 21, these positions reversed. March 21, earth in Libra, sun in 
Aries. The arrows show the direction of the earth's daily rotation, 
and annual orbit. 

dark side turned towards him, because the sun shines 
on the side of the earth which he cannot see. The 
figure in the distance representing the position on 2i8t 
March has the whole of its bright side towards him, 
because the sun is in the middle ground of the diagrams 
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between him and it. On the 21st March the sun's Yays 
fall so that the edge between the light and dark sides 
of the earth, the circle of illumination as it is calledi 
passes through N and S, the north and south poles. 
It is evident that as the earth turns round daily while 
in this position, every point on its surface will be exactly 
half of the 24 hours in the light side, and the other half 
in the dark side. All places will, therefore, at this 
time, have 12 hours day and 12 hours night. The 
same will be the case in the position of the earth on 
23rd September. 

But in passing from the one to the other position, 
the earth midway between them takes the position in 
regard to the sun which it has on 21st June. The 
.figure representing this position shows that the edge 
between the light and dark sides of the earth does not 
pass through the poles N and S, because of the inclina- 
tion of the axis ; its northern end being now turned 
towards the sun, and the southern end turned away 
from it The sun's light now reaches a point 23^^ 
beyond the north pole, and falls short of the south 
pole by the same amount. In this position, as the 
earth rotates on its axis^ the parts round the north 
pole do not in any part of the 24 hours pass out of the 
lightened hemisphere, and have therefore perpetual 
* day ; while the parts round the south pole, since they 
do not during a rotation pass out of the darkened 
hemisphere, have perpetual night. Half of the equator, 
however, it will be observed, is in the lights and half in 
the dark hemisphere, so that all places on it have their 
day and night equal in length. But the places on 
latitudes between the equator and the bright circle 
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round the north pole are longer in the light than in 
the dark side of the eaith during one daily rotation, 
hence their days are now longer than their nights ; 
while the places in latitudes between the equator and 
the darkness surrounding the south pole are more in 
the dark than in the light hemisphere during a rotation, 
hence their nights are long and their days short. In 
this position we have the summer of the northern, and 
the winter of the southern hemisphere. 

All this is reversed in the earth's state on the 21st 
December. There the parts about the south pole have 
continuous light, and those about the north pole con- 
tinuous darkness, as the earth rotates. There, too, the 
parts on the equator are still equally long in the light 
and in the dark; but all parts between the equator 
and the circle 23}° from the north pole are longer in 
the dark than in the light during a rotation, and have 
short days, and long nights ; while, for the opposite 
reason, the parts between the equator and the south 
polar circle have long days and short nights. 

It is plain, too, in the figures for 

Day and Night ^ist June and 21st December, that 
in dinerent . ^ , i- t 1 

latitudes *^® further from the equator, or the 

nearer the polar circles a place 
is, the greater is the disproportion between the times 
of passing through the light and dark sides of the 
earth ; and hence the greater the difference between the 
length of the days and nights. Within the polar 
circles the days and nights are months long ; at the 
poles themselves, one day and one night last a year. 
The figures for 21st March and 23rd September 
represent the earth's position at the time of the 
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equinoxes; those for 21st June and 2i8t December, 
the position at the time of the solstices; and the parts 
of its orbit in which it is at these times are called the 
equinoctial and solstitial points. 

Twiliirlit. ^^^^ ^ place on any parallel of latitude 
passes out of the light hemisphere into 
the dark one, night does not come at once ; and day 
appears before a place passes out of the dark into the 
light hemisphere. Every one is familiar with the 
twilight and the dawn. They are caused by the reflec- 
tion of the sun's rays. When the sun has set, its rays 
can no longer reach us directly. The spot on which 
we stand has, so far as it is concerned, passed out of 
the light hemisphere. But for a time we can still see 
its rays gilding the mountain tops above us, because 
they can reach these, though not us in the valley. And 
even after the mountains have become sombre, the 
sun*s rays can reach the air which lies above the peaks. 
Now everything upon which the sunlight falls, sends 
some of that light backto neighbouring objects — reflects 
it ; and every neighbouring object reflects it to every 
other. Hence, after sunset, we have still a period of 
grey diffused light, and this continues till the sun has 
gone down below our horizon about i S% after which 
no portion of the atmosphere above us is touched by its 
rays. So, in the morning when it is within 18** of the 
eastern horizon its rays fall once more on the upper air, 
which reflects them, and causes the first grey streak of 
dawn. By and by the rays reach the mountain tops» and 
their golden peaks difi'use them, till at length the sun 
itself rises, and the spot on which we stand passes fairly 
into the light hemisphere. As the sun's daily course 
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round the rotating earth is always more directly over- 
head at midday within the tropics, than at places nearer 
the poles, it descends also more directly below the hori- 
zon after sunset. Hence it is sooner 1 8^ below the hori- 
zon within the tropics than in latitudes higher than 23^^; 
and, therefore, twilight and dawn are much shorter in 
the tropics than in other regions. 

^ ^ ^. Yet another cause prolongs the day 

Refraction. , j ^. ^. r * i * *u "1 

beyond the time of actual sunset : that 

is, the refraction of the 8un*s rays. By refraction is 

meant the power which the air and transparent fluids 

or solids have of changing the direction in which light 

travels through them. We always see objects in the 

direction in which the rays of light from them 

enter our eyes. A light may be behind us, but 

if we can turn its rays so that they will enter our 

eye, we shall see it, as it were, before us. Suppose 

the sun to be set, so that its rays cannot now reach 

us directly, but that some still fall on the air 

above our horizon, which can bend them downward to 

our eye, then we shall see the sun as if it were in the 

part above the horizon from which these rays proceed. 

By this means we see the sun at times nearly five 

minutes after it has set, and the same time before it 

actually rises. By nearly ten minutes, therefore, the 

actual day is lengthened in our regions. At the north 

pole the actual day of six months is prolonged nearly 

three days, or rather three times 24 hours, from 

this cause. 

^, ^ The stars called planets, or wander- 

Planetary 
movements. '^^^ ^^^^s, get and deserve their name 

because of their apparently irregular 
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movements in the celestial sphere. Sometimes they 
dart forward quickly among the fixed stars ; then they 
seem to stand still for a while ; then they go on again, 
or perhaps golsackward, in a manner utterly perplex- 
ing at first, but perfectly capable of explanation and 
prediction when we assume that they are bodies like 
the earth, and that they, like it, move in definite orbits 
round the sun. Their movements, therefore, become 
proofs, by analogy, of the earth's annual orbit. 

Their apparent irregularity in the 
.®^' *^^f midst of the most perfect regular- 

ity of movement may be partly 
understood, if we think of a carriage moving on a dark 
night from west to east along a road at a distance from 
our position. Let some one at the same time carry 
continuously round the carriage a lighted lantern which 
we can see, though we cannot see the carriage itself. 
Now this lantern being carried regularly round the 
carriage would sometimes appear to us to go forward, 
then as it is carried round the front of the carriage 
away from us it would appear to stand still ; then it 
would be lost behind the carriage, or probably its 
reflected light might be seen going backward. Again, 
in turning round towards us behind the carriage it 
would appear to stand stiU ; and if we now move our- 
selves in the same direction as the carriage, and at the 
same speed along our route as the man moves who 
carries the lantern, then the lantern, though really 
advancing, will appear to us to stand still, because it 
does not alter itis position in relation to us. 
Velocity ^^ ^^^ planets, some are bodies much 
of light, larger than the earth ; and, as the earth has 
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one satellite attending and going round it, they 
have one or more. Jupiter, a large planet, has four, 
which can be seen revolving round it: and which in 
their course go into the shadow of Jupiter at times, 
or are eclipsed, as we call it. It was of great conse- 
quence to know exactly the times of these eclipses, 
and Romer, a famous astronomer of the 17th century, 
set himself to calculate, these times in minutes and 
seconds. They could all be calculated exactly ; but to 
R6mer*8 astonishment his calculations never agreed 
with the actual times of the eclipses. Sometimes they 
occurred 8 minutes 13 seconds too soon; sometimes 
as much too late. 

The cause of this Romer at last ascertained to be 
that the earth in its course round the sun comes some- 
times between the sun and Jupiter, and is then at its 
nearest position to Jupiter. But six months afterwards, 
when the earth has gone half round its course, while 
Jupiter has moved very little, the earth is on the other 
side of the sun from Jupiter, and is therefore more 
distant from that planet than before by the whole 
diameter of its orbit. Sometimes, therefore, we see the 
eclipses of Jupiter's moons, or satellites, when we are 
near, and sometimes at a great distance, because of the 
earth's revolution round the sun. Since light takes 
time to travel through space, therefore it is that we see 
the eclipses of these satellites, when we are near the 
planet, earlier than when we are farther off by the 
whole breadth of the earth's orbit. Thus, Romer's 
observations prove that the earth has an orbit, and 
that light takes the time by which the eclipses occur 
too soon, added to that by which they occur too late, 
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namely 16 minutes, 26 seconds^ to cross the earth's 
orbit — a distance of twice 91 millions of miles. 

Bradley, another astronomer, who lived 
of lieht. ^ century later than Romer, set 

himself to try whether he could not find 
some proof that the earth moved round the sun, by an 
apparent corresponding movement of the stars : as 
when we go forward in a railway carriage, objects 
appear to move backward. Bradley reasoned, and 
rightly too, that the stars should appear to move in 
the opposite direction to that in which the earth was 
advancing. The nearest of the fixed stars, however, 
is too far away for any such movement to be observed 
by such telescopes as Bradley had. But he ob- 
served something else, almost the reverse of what he 
had expected. Instead of going backward, he found 
that the stars were seen always pushed forward a little 
in the direction in which the earth is moving at the 
time. This he found was the effect produced upon 
the apparent places of the fixed stars by the earth's 
real movement round the sun, taken in connection with 
the fact that light requires time to travel through 
space. 

To understand this, let us think what would happen 
should anyone standing by a railway, fire a loaded pistol 
directly at a passing carriage, and send a bullet through 
both sides of it. The holes in the sides will necessarily 
mark the course of the bullet through the carriage. 
We should find that although the bullet had been fired 
directly in front of the carriage, the hole on the offside 
was somewhat faither back than that on the near side. 
Any one in the carriage might conclude that the shot 
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had come from a point ahead of the carriage. The 
truth is that the bullet, however quickly it went, took 
time to cross the carriage, during which time the 
carriage itself had moved forward. The result is a 
combination of the speed of the bullet with that of the 
carriage, and only a person who understood this could 
tell the right direction in which the bullet had come. 
Even so, we on the earth are moving round the sun at 
a rate of about i8 miles per second, while light is 
coming to us from the fixed stars at a much greater 
speed — about 186,000 miles per second. The ray from 
a fixed star hits the front of the eye, as the bullet does 
the carriage, but takes some time to cross the eye, as 
the bullet does to cross the carriage. But our eyes 
have the movement which the earth has, as it carries us 
round the sun, namely 18 miles a second, and therefore 
the ray strikes the retina, not as it would have done 
had the earth been at rest. The star is therefore made 
to seem somewhat in advance of its real place, in the 
same way as the pistol appears to have been fired more 
to the front of the carriage than was actually the case ; 
for we always see objects in the direction which the 
rays of light from them have when they affect the 
retina. 

The same thing is true for a telescope, as for the eye. 
During the time which the light from a fixed star takes 
to pass through it, the earth has moved forward, and 
therefore, in order to see the star, the telescope must 
be inclined ahead of the real place of the star. 
Because of this apparent change of place nearly 
all the fixed stars appear to describe a course 
ahead, corresponding to the course of the earth in its 
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orbit. Those exactly on a level with the earth's orbit, 
that is in the same plane with it, appear to move back 
and forward as the earth advances and returns in its 
course. Those 90° from it describe a small circle; 
those less than go""; a small ellipse. We have thus 
through Bradley's discovery, which has been named 
the ABERRATION OF LIGHT, a direct proof that the earth 
moves round the sun. 



EXERCISES. 



Give five proofs of the earth's annual motion round the sun. 
Describe the sun's apparent movement among the stars in a year. 
What is the ecliptic ? the zodiac ? What are the signs of the zodiac ? 
What angle does the ecliptic form with the equinoctial ? How often, 
and at what times, is the sun on the equinoctial ? In what points of 
the celestial sphere is the sun then said to be ? Name the six signs oi 
the zodiac through which the sun passes between April zist and Sep- 
tember 2i8t.' Between September 21st and March zist of next year? 

In what points of the celestial sphere is the sun at its greatest distance 
from the equinoctial i How many degrees is it then distant from the 
equinoctial ? and what seasons then occur? What is a tropical year? 
"What are celestial latitude and longitude ? What is the longitude of 
the sun : (a) at the summer, and (b) at the winter solstice ? What is 
its declination at these times ? What is its right ascension at these 
times? 

On what three causes do the changes of the seasons depend ? At 
what distance from the centre of the eUipse formed by the earth's orbit 
is the sun placed ? What is this distance called ? In what season is the 
sun nearest the earth? What are perihelion and aphelion ? How 
much from the perpendicular is the earth's axis inclined to the plane of 
its orbit ? Illustrate by a diagram the causes of the seasons. 

How is the north end of the earth's axis placed in relation to the 
iun : (a) in March, (b) in June, (c) in September, (d) in December? 
What is the cause of twilight? When does it cease? How does 
refraction of light lengthen the duration of daylight? What is the 
nature of the apparent movements of the planets, and how do they 
illustrate the annual movement of the earth ? How does the velocity 
of light as shewn by the eclipses of Jupiter's satellites prove the annual 
movement of the earth round the sun ? What is aberration of light? 
How does it prove the earth's annual circuit ? 
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VI. 
DAILY CIRCLES OF THE SUN 

AND STARS. 

Positioii ^^^ equinoctial always intersects 

of the the horizon of a place in the east 

equator and west points ; and as the pole 

in the heavens, jg always at the height of the lati- 
tude above the horizon, the equinoctial must always 
form a curve in the visible hemisphere of the heavens 
90** from the pole. Thus, since the pole at London 
is always 51^° above the northern horizon, and the 
equinoctial 90° beyond, if we subtract 5»J° and 90** 
from the whole celestial hemisphere 180°, we get 
38^^** for the constant rise of the curve of the equinoc- 
tial, above the southern horizon of London. Every 
place has its own horizon, but the equinoctial is the 
same circle for all ; and therefore the equinoctial may 
either concide with the horizon as is the case at the 
poles ; or it may be perpendicular to it, as is the 
case at the equator ; or it may be inclined to it, as 
is the case at London. 

At the poles the stars about the equi- 

at noctial will be seen on the horizon ; 

the poleB* ^^d since the observer revolves with the 

extremity of the earth's axis on which 
he stands, these stars will appear to go round the hori- 
zon in a circle, and to renew the same course every 
24 hours; All the stars above the horizon will appear 
to describe circles parallel to these, but smaller the 
higher they are ; till, at last, the stars very near the 
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pole in the zenith, will describe very small circles 
indeed. The polar star will seem not to move at 
all. Thus, at the poles, the stars between the equinoc- 
tial and the visible pole, that is the stars in half of the 
celestial sphere, are seen daily performing the whole 
of their course. Place a globe so that the equator and 
the wooden horizon coincide, and make it revolve. 
The equator will represent the daily circle of stars on 
the equinoctial or horizon, and the parallels of latitude 
those of stars higher than the horizon ; the end of the 
earth's axis, which does not move, will represent the 
pole. 

. At the equator the half of the celes- 

at til ^^^^ sphere visible at any time will 

equator. shew the north pole on the northern 

horizon, the south pole at the southern 
point of the horizon ; while all the fixed stars pass 
round from east to west describing half a circle. Those 
passing over the zenith, being the stars on the equinoc- 
tial, describe the longest semi-circle. On the north 
and on the south the semi-circles are all parallel and 
perpendicular to the horizon ; they become gradually 
smaller till they become nothing at the poles. If a 
globe be set so that the poles are on the wooden 
horizon, and made to revolve, the equator and parallels 
will represent the apparent daily course of the stars at 
the equator, where all the stars of the celestial sphere 
are seen in only half their daily circles. 

At a middle latitude, the polar star 
Daily circles remains fixed above the horizon at 

middlf iTtitude. * •'^'Sht equal to the number of 

degrees of the latitude. The stars 
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near it describe small circles round it every 24 hours, 
in a course oblique to the horizon. The highest point 
of their course is called their upper culmination ; the 
lowest, their lower culmination. Beyond the stars 
which just touch the horizon at their lowest cul- 
mination are stars which describe parts of a circle, 
the larger the nearer the pole, till on the equinoctial 
their path is exactly half a circle. Beyond the equi- 
noctial to the extreme south of the horizon the 
portions of daily circles described lessen, till at the 
south pole they become nothing. Thus the stars 
not more distant from the pole than the horizon 
is, are seen in the whole of their daily course ; those 
at the equinoctial in half of it; those between these 
positions in more than half; and those between the 
equinoctial and the opposite pole in less than half. 

. , The sun describes daily a different 
Daily circles ..u u j j 

of tlie Buzu course m the heavens, and every day 

that course is along the same circle 
to all parts of the earth, but these daily circles are 
seen differently from different places^ On the 21st of 
March the sun rises exactly in the east and for that 
day its course is exactly above the equator. On the 
22nd it rises a little to the north of east and goes round 
a circle somewhat to the north of the equinoctial. On 
the 23rd it rises still more to the north of the east point, 
and describes a circle still farther north ; and so on, 
till at last on the 21st of June it rises 23^° north of the 
east point and describes a circle 23^^ north of the 
equinoctial, coinciding with the circle of the heavens 
named the tropic of Cancer. After this it describes the 
former daily circles in a reverse order; on 21st Sep- 
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tember its daily circle is again the equinoctial. On the 
22nd September it rises a little south of the equinoc- 
tial and describes a circle somewhat to the south of it ; 
each succeeding day it rises still farther to the south 
of the east point of the horizon and describes a circle 
crossing the heavens farther south, till at last its daily 
course is on the circle 23^° south of the equinoctial, 
called the tropic of Capricorn. 

At the poles. ^^ ^^ observer at the poles, the sun, 

after six months' absence, begins to 
appear above the horizon, and describes a circle round 
it — shortly before March 21st at the north pole, and 
before September 22 nd at the south pole. Every 24 
hours the circle it describes is higher, till on June 21st or 
December 21st, according to the hemisphere, it is 23^^ 
above the horizon ; after which each day it is lower, 
till at the end of six months the sun disappears, and 
remains unseen during the next six months. 

^ , ,, ^ To an observer at the equator, every 

At the equator. , . , 1 

day IS 12 hours long, and every 

night the same. The sun passes overhead at midday 
on March 21st and September 21st; between March and 
September its daily circle lies to the north of the equi- 
noctial; between September and March it is to the 
south of it. The sun*s course from east to west each 
day is always exactly a semicircle, perpendicular to 
the circle of the horizon. 

At the tropics. ^^ *^® *^^P^^ ^^ ^^"^®'' ^^® ^^^ 

passes overhead at midday on June 

2ist, and for the rest of the year its daily circles are 

south of that tropic. At the tropic of Capricorn it 
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passes overhead on September 21st, and for the rest 

of the year its circles are north of that position. 

- . To an observer between the tropic 

regions. ^"^ *^® polar circle in either hemi- 
sphere, the sun rises in the east and sets 
in tne west parts of the horizon; in the northern hemi- 
sphere it is always south at midday ; in the southern, 
always north. 

^^ ., - At either of the polar circles the 
At the polar 

circles. longest day is exactly 24 hours, and 

the longest night the same. From 
December to June the days increase in the northern, 
and diminish in the southern hemisphere. From June 
to December the reverse is the case. 

To an observer at any place between 

Between the ^u ^ • -.u u j 

. the tropics, the sun passes overhead 

vropics* , , 

at midday at twO different penods 
of the year, with two intervals, during one of which 
its daily circle will lie north of the zenith, and during 
the other south 6f it. The times when the sun passes 
in, or very near the zenith are the rainy seasons of 
the different tropical regions ; rainy and dry seasons 
being the only variations which these lands experience* 



EXERCISES. 



What is the latitude of London, and the height of the equator above 
the horizon there? It Glasgow be in Utitude SS^S^' * what is the alti- 
tude of the polar star there, and that of the equinoctial at its highest 
point above the southern horizon ? Describe the daily circles ot the 
fixed stars : (a) at the poles, (b) at the equator, ^c) in middle latitudes. 
On what line does the sun describe its daily circle on September zist, 
June 2i8t, March 21st, and December zist? Describe the positions of 
the sun's daily circles throughout the yeai;: (a) at the equator, (b) at 
the tropics, (c) between the tropics and the polar circles, (d) at the 
polar circles, (e) between the tropics. 
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VII. 
TIME. 

While the earth rotates on its axis 
Sidereal day. fy^j^ ^^g^ ^^ ^^^g^ every 24 hours, it is 

also advancing in its course round the sun. If the sun 
and a fixed star be on our meridian at the same time 
on any day, then next day when that fixed star comes 
again on the meridian by the earth having completed 
one rotation on its axis from west to east, the sun, 
having apparently moved eastward among the stars, 
will be at some distance eastward from the meridian. 
The earth must therefore rotate a little more than one 
complete revolution on its axis before the sun comes on 
to the meridian again. The interval between two 
occasions of any fixed star crossing the same meridian 
is called a sidereal day. 

The interval between two transits of 
Solar day. ^\^q gy^ across the same meridian is 
called a solar day. Thus it is easy to see that a solar 
day is always slightly longer than a sidereal day. And 
since the earth must each solar day turn round east- 
ward, to bring the sun on the meridian, exactly as far 
beyond the fixed star as the sun appears to have gone 
eastward among the stars — that is, as far as the earth 
itself has actually gone on its orbit — when the earth 
has travelled once round its orbit it will also have 
to revolve one complete circle beyond the star to bring 
the sun on its meridian on the day of the completion of 
its orbit. Hence, when the sun appears to have gone 
round the heavens in the course of a year, the earth 
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will have made one more revolution before the fixed 
star which was on the meridian together with the sun 
at the beginning of this course, than it has made before 
the sun. While, therefore, there are 365 J solar days 
in a tropical year, there are 366^ sidereal days in 
it. More exactly expressed, the time in which the sun 
goes round the heavens from an equinox to the same 
equinox again is 365 solar days, 5 hours, 48 minutes, 
48 seconds; and 366 sidereal days, 5 hours, 48 minutes, 
48 seconds. 

But the solar days are not all 
Irregular apparent ^f the same length. Because 

"^^^T °^ *^ V"^ of the ellipticity of the earth's 
in the ecliptic. , . , 

orbit the sun appears to move 

quicker eastward among the stars in winter when it is 

near the sun, than in summer when it is at the most 

distant part of its orbit. The earth must, therefore, in 

order to bring the sun again on the meridian, turn 

more in excess of a complete revolution, at the one 

period than at the other. This, of course, causes the 

solar days to vary in length. 

lEean solar day. ^^^ average length of these, or 

the MEAN SOLAR DAY, is 24 hours; 
but because of the apparent unequal motion of the 
sun, it is sometimes on the meridian before, and some- 
times later than twelve, by a clock keeping mean solar 
time. 

But, again, the path of the sun 

Sun's path among the stars is not directly 
inclined to the eastward; it is inclined to the 

equinoc . equinoctial which crosses the sky 
directly from west to east, at an angle of 23^°, and 
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is partly above, partly below, the circle of the equinoc- 
tiaL The 8un*8 daily apparent eastward movement is 
thus also a slanting movement upward or downward in 
different parts of its course. At the solstices the sun's 
path lies very nearly east and west, parallel to the 
equinoctial, and then his daily progress directly east- 
ward is greater than at other times ; thus an irregu- 
larity occurs in the intervals by which the earth must 
exceed a complete revolution, in order to bring the sun 
once more on the meridian. This becomes another 
cause of variation in the lengths of the solar days. 
Had the earth been so set in space that by its annual 
revolution the sun would have appeared to move on the 
equator; and had this new sun's path been a circle 
instead of an ellipse, so that its apparent motion 
would have been uniform, then mean solar time as 
shewn by a clock, and actual solar time as shewn by 
a dial, would both have agreed. But from these two 
causes : (i) that the earth's path is an ellipse, and (2) 
that it is inclined to the equinoctial, — a correction of 
the time of day as shewn by a dial is always necessary 
in order to find the mean time, or time as used in 
the affairs of ordinary life. 

This difference between the time 
Equation of shewn by a dial, and that shewn by a 
"^®' correct clock, is called the equation 

OF TIME ; and many almanacks give a column telling 
this difference for each day, which must be added to, or 
subtracted from, the time by the clock according as 
it is before or after the dial. The two times coincide 
four times a year; not, as one might expect, at the equi- 
noxes, when the sun is on the equinoctial, or at the 

E 
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solstices, when its path is nearly parallel to the equi- 
noctial, — but on 15th April, 15th June, 31 at August 
and 24th December. They differ most in February 
and November ; in February the time by the sun is 
14I minutes behind the clock; in November it is 
16 minutes before. 

Kinds of days. T^^^e are thus three different kinds 

of days: (i) the sidereal day of 
uniform duration, measuring the rotation of the earth ; 
(2) the true solar day, of variable duration, marked by 
successive passages of the sun across the meridian ; 
and (3) the mean solar day — an average of all the 
different solar days in a year. It is exactly 24 hours 
in length, and is 3 minutes, 56 seconds longer than a 
sidereal day. 

Since the earth completes its yearly 
The Julian course, not in an even number of days, 

but in 365^ days, or somewhat less, it is 
obvious that this fraction of nearly a quarter of a day 
must bring the whole day in which it occurs partly into 
one natural year and partly into another. To prevent 
confusion from this the civil year is adopted, which 
usually consists of 365 whole days. And then every 
fourth year, the four omitted quarter days are allowed 
to make up a whole day, which is intercalated, or added 
to the number of days of the fourth year. This fourth 
year is called leap year, and the month of February 
gets the additional day. The Romans, who under 
Julius Caesar's government adopted this plan and called 
it the Julian Calendar, made two 24th days of February ; 
and as they named that day the sixth of the Kalends of 
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March, they called the leap year bissextile, or double- 
sixth year. 
_- Q But, as we have learnt, the tropical 

Calendar. y®*^ *® "®^ exactly 6 hours more 

than 365 days ; it is only 5 hours, 
48 minutes, 48 seconds more — 11 minutes, 12 seconds 
less than 6 hours. The tropical year is then exceeded by 
44 minutes, 48 seconds, after the whole day has been in- 
tercalated each leap year; and in the year 1582, this error 
had increased so thiat the equinox which should have 
fallen on the 21st of March, occurred ten days sooner, 
namely, on March 1 1 . This led to disarrangement of the 
church festivals, for the dates and the proper seasons 
did not coincide. By order of Pope Gregory, ten days 
were struck out of the calendar — those who went to 
bed on the evening of the 4th October, got up not on 
the morning of the 5th, but of the 15th October, 1582. 
In England the Gregorian calendar was adopted in 
1 752, by which time the error had amounted to 1 1 days, 
80 that the next day to September 2nd was called Sep- 
tember 14th. In fact, a calendar is simply a mode of 
naming, or calling, the days of the year; and the object 
of its arrangements is to secure that, in each different 
year, days of the same name should occur at exactly 
the same season. In order to get rid in future of the 
excess of 11 minutes each yeai, Pope Gregory enacted 
that every hundredth year should not be a leap year, 
with this exception, that every 400th year should be one. 
Thus all years whose names are divisible by four, as 
1876, are leap years. But the last year of any century, 
though divisible by 4, is not a leap year, unless the two 
first figures of its name are so divisible. The years 
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2ioo» 220o» 2300, will not be bissextile or leap years, 
but the year 2400 will. Sir John Herschel has pro- 
posed that, to correct a small error which would still 
exist after all these arrangements, every 400th year 
should not be a leap year, and then for 28,000 years 
the Gregorian calendar would work perfectly. 



EXERCISES. 



What is a sidereal day ? A solar day ? Why do they differ? How 
many solar days are in a tropical year ? How many sidereal days f 
What is a mean solar day ? From what two causes do the actual solar 
days differ in length from each other ? What is meant by equation of 
time ? When is the equation of time nil ? Why might mean and solar 
time be expected to agree four times a year ? Name three different 
kinds of days ? What is the length of a solar day ? Of a sidereal day ? 
Of a mean solar day ? State the arrangements of the Julian calendar. 
Of the Gregorian calendar. What makes such arrangements necessary ? 
What is the civil year ? 



VIII. 
THE MOON. 



The Moon appears to be nearly of the same size as 
the sun ; and, indeed, there are times when it comes 
directly between us and the sun and just covers it, or 
allows only a bright narrow ring of the sun to be seen, 
as if the moon were but a very little less than it. But, 
in fact, the moon is not more than one sixty-millionth 
part of the size of the sun, and is only one forty-ninth 
of that of the earth. It appears to be as large as the 
sun because it is only about 240 thousand miles, or 60 
times the earth's radius, distant ( while the sun is 91 
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millions of miles away. The diameter of the moon is 

2160 miles, or about one-fourth of that of the earth. 

■o X i.- * AX. The moon always turns the same 
Botation of the ^ r . ^ 

Moon. mcCf or part of its surface, to the 

earth. This it does because it 
rotates on its axis and revolves round the earth in the 
same interval of time. To understand this, carry a 
watch round a lamp placed on a table, keeping the 
face of the watch always turned towards the lamp. 
You will see that the watch is turned round upon 
itself once during its journey round the lamp. When 
the watch has been carried half round the lamp, its 
back will be turned to the opposite wall of the room 
from that to which it was turned at the beginning of 
the experiment — that is, it has been turned half round ; ' 
and when the circle round the lamp has been com- 
pleted, the back of the watch will again be turned to 
the same wall as at first — it has been turned wholly 
round on its axis. 

As the earth revolves round the sun. 
Sidereal month. ^, , . . 

80 the moon revolves round the 

earth. It completes this course in 27 days, 7 hours, 

43 minutes ; or rather it completes a circle among the 

stars in that time. Each night it may be observed 

among stars much farther to the east than those it 

was among the previous evening, till at last it returns 

to those amongst which it was when its motions were 

first observed. It has thus fulfilled what is called a 

SIDEREAL MONTH, in the Same way as the sun fulfils a 

sidereal year. 

During this course among the stars, the 

moon assumes different shapes, or phases^ 
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as they are called — crescent, semi-circular, full, then 
again semi-circular, and finally for a time disappearing. 
When it appears as a thin crescent, or rather im- 
mediately before, while still invisible, it is called new 
moon; when as a full round orb, it is full moon. From 
full moon to full moon, or indeed from any one phase 
to the recurrence of the same again, is 29 dys., 12 hrs., 
44 mins., 3 sees., called a synodical month. . The 
cause of the difference between a sidereal and a 
synodical month will be easily understood when we 
have studied the cause of the phases. 

Since the moon goes round 
Varying positiong t^g ^arth while the earth 

of Moon and Earth. , ., ... 

goes round the sun, it is easy 

to see that it must sometimes be between the 

earth and the sun, and sometimes on the side of the 

earth turned away from the sun. When the moon is 

between the earth and the sun, both moon and sun are 

seen on the same side of the sky, and are said to be in 

CONJUNCTION ; when the moon and sun are on opposite 

sides of the earth, they are said to be in opposition. 

Now, the moon has no light in 
Cause of the j^self ; we see it only by the light 

of the sun which it reflects. Its 
light side is, of course, always that side which faces 
the sun. When, therefore, it is ^between the earth and 
the sun its dark side is turned towards us on the earth; 
and though it is somewhere in the western sky near 
the sun at sunset, we see nothing of it. But, as it 
edges off eastward from between the earth and the sun, 
a part of its bright side is seen as a thin crescent with 
horns to the east. Night after night this crescent 
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waxes or becomes larger ; till about a week after its 
first appearance it is seen as a half moon in the south, 
when the sun is setting ; for at that time, one half of 
the side which is turned to the earth is bright because 
it is turned towards the sun, the other half is dark 
because it is turned from the sun. The moon has now 
gone a fourth part of the circle of the heavens east- 
ward from between the sun and the earth. When it 
has gone eastward half round the heavens, and is now 
directly opposite to the sun, the whole of its bright side 
is turned to the earth as well as to the sun. It then 
rises in the east as a round full moon, when the sun 
is setting in the west. 

„^ . ^ After the period of full moon it 

Waning Moon. .^ 4. j x-n •* 

contmues its course eastward till it 

comes once more to conjunction with the sun, and 
during that part of its course less and less of the side 
turned to the sun coincides with the side turned to the 
earth. It is then what we call the waning, or lessen- 
ing moon ; from full, k becomes half moon, and after 
this a thin crescent with its horns turned westward or 
from the sun, and may often be seen during the day a 
little to the west of the sun. Finally it approaches the 
sun, falls into conjunction with it, and then the side 
lightened by the sun is turned wholly away from the 
earth ; the moon therefore disappears from our view 
till it has again passed the sun. 

Earth-shine. '^^^ times of conjunction and opposi- 

tion, or new and full moon, are called 
the SYZiGiBS ; the times of half moon, waxing or 
waning, are called the quadratures. A day or two 
after new moon, while only a thin crescent is bright. 
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The Moon's Phases.' 



the rest of the moon's circle may be seen dimly by 
light which the earth reflects to that part of the moon, 
and which is reflected back again to the earth. 
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Plff 11. 
Phases of the KToon. 

The sun is supposed to be on the right, at a distance of 3flb tfoaes the 
length from £, the earth, to M, the moon. 
M, new moon. M4 fall moon. M^, Me, quadrature*. 
Mi, M8 M6, M7, octantS. 

M, Mi, . . . M7, appearance of the moon, in the succeMSve potitioi* 
of its orbit. 

Synodical month. ^^^^ f"^^ "^^on to full moon, 

— that is, a synodical month — is 
longer than a sidereal month, because while the moon 
is making its course round the stars in a month of 29^ 
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ii 

days, the sun has also been making about a twelfth 
part of its course round the ecliptic during that time. 
Hence, the moon, starting at new moon from between 
us and the sun, to go eastward among the stars, is 
followed slowly by the sun in the same direction, as 
the long hand of a watch is followed slowly by the 
short one. When, therefore, the moon has gone 
completely round the heavens, and at the end of a 
sidereal month returns to the point from which it had 
last set out as new moon, the sun is no longer there, 
it having gone on eastward about 30°, and the moon 
must consequently go on its next course something 
more than 30"" before it can come again between us 
and the sun, and thus complete the synodical month. 
So the hands of the clock which are together at 12 
o'clock are not together again when the long hand has 
completed its round ; for the short one has travelled 
slowly in the same direction -j^th of its round, and 
therefore the long one must go above y^^th of its next 
round before they come together again, after one o'clock. 

It is not literally the case that we on 
the earth can see nothing more than 
one half of the moon. Its axis is inclined about 6^° to 
the plane of its orbit round the earth; that is, to the 
plane in which we as observers of the moQp are placed; 
and sometimes, therefore, we see so far as 6^° beyond 
its poles on either end of its axis, just as an observer 
from the sun would see beyond the south pole of the 
earth in December, and beyond the north pole in June. 
Sometimes, too, we gain glimpses of the moon side- 
ways, owing to its not turning on its axis uniformly at 
the same rate as it advances in its orbit round the 
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earth. The first variation of its position in regard to 
us is called libration in latitude; the second, lib- 
ration in longitude. 

.„ . ^ Since the moon turns on its axis 

ICoon's surface. , , , . , , 

only once m 27I days, its day and 

night are each nearly 14 of our days and nights in 
length. There is no atmosphere in the moon; it has 
no clouds; there can, therefore, be no water in it. Its 
day side will be scorched and glaring ; its night 
side frozen and black, for where there is no air there 
can be no twilight The moon, seen through a tele- 
scope magnifying 1000 times, presents the same 
appearance as though viewed by the naked eye at a 
distance of 240 miles. Its surface is diversified with 
mountains, hills, and valleys. These are dry and 
barren, for where there is no water, plants cannot grow. 
On the moon silence still as death must prevail, for 
where there is no air, no sound can be heard. 

A lunar day, like a solar day, is longer 
than a sidereal day, and for the same 
reason. The moon, as we have seen, advances about 
12° eastward among the stars daily, and therefore the 
earth must revolve from west to east 12** more than a 
complete sidereal revolution, in order to bring the 
same meridian once more under the moon. The 
mean, or average, lunar day is thus 24 hours, 50 
minutes long. 

The orbit in which the moon moves 

round the earth is not, so to speak, 

on the same level in space as that in which the earth 

moves round the sun ; but is inclined to it 5^ It is, 

therefore, a circle in the heavens 5® above the circle 
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of the ecliptic at one part, and as many degrees below it 
at the opposite part ; but crossing the ecliptic and, of 
course, coinciding with it at two opposite points of the 
sky, called the nodes. It is clear, therefore, that how- 
ever high above the horizon the sun in its path may 
ever be, the moon may be at times 5** higher; and how- 
ever low the sun may at any time be, the moon may 
be at times 5° lower. 

. The shadow of the earth extends 

Total Md^l^ular. through space on the side op- 

posite to that on which the 
sun shines ; and sometimes, the full moon, being of 
course in opposition, passes along its orbit through 
this shadow, and becomes darkened, or eclipsed. 
Again, at new moon, when the moon and sun are of 
course on the same side of us, the moon sometimes 
comes directly between us and the sun, and hides or 
eclipses it. The moon's dark round body is then seen 
against the bright sun ; and if the moon happens to be 
in that part of its orbit which is nearest, when it 
appears to us to be somewhat larger than the sun, it 
at such times completely hides the sun and causes 
what is called a total eclipse. If during an eclipse 
of the sun, the moon happen to be at the most distant 
part of its orbit from us, it appears somewhat less 
in size than the sun ; and at the central moment 
of the eclipse the moon forms a black circle on the face 
of the sun, and is surrounded by the bright edge of the 
sun, as by a ring. This is called an annular eclipse. 

They occur only ^^y* ^^ ^^y ^® ^^^®^' ^°®^ "°* ^" 
at, or near, the eclipse of the sun happen at every 

nodes. time of new moon, and an eclipse 
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of the moon at every time of full moon? If the 
moon's orbit had been on the same level or plane 
with that of the earth, an eclipse would certainly 
have happened at every time of conjunction and 
opposition. But in gping round the earth the moon 
may come on to the same side of the earth with the 
sun, and yet not be on a level with it, for as we have 
seen it may be in a part of its orbit higher or lower 
than the sun's place in the ecliptic. Only at, or near, 
the nodes or crossings of the two orbits can the sun 
and moon approach the same level to our eyes ; and 
if, when the moon is in conjunction or opposition, it 
be not at or near one of its podes, but in a part of its 
orbit above or below them, then as new moon it will 
pass the sun without eclipsing it, because it passes 
either too high or too low. This is why the level or 
plane of the earth's orbit is called the ecliptic, because 
the moon must be in a part of its orbit which is nearly 
level with it ere eclipses can occur. Unless a new 
moon is within 17** of a node, or a full moon within 
11^ 21' of one, there will be no eclipse; therefore, the 
moon moving within a space of 54^ may eclipse the 
sun ; while only within a space of 22i^ can the moon 
itself be eclipsed by the earth's shadow.' For this 
reason eclipses of the sun occur oftener than eclipses 
of the moon. 

Every 18 years eclipses succeed 
Number of EoUpses each other very nearly in the 
m a 7 ar. same order. In that time there 

may be altogether 70 eclipses, 29 of the moon and 41 
of the sun. In any one year there can never be more 
than 7, or less than 2 ; and if there be only 2, they 
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win both be eclipses of the sun. The number of 
eclipses that can be seen from any one place is fewer 
of the sun than of the moon ; but, taking the earth as 
a whole, the number that can be seen from one place 
or other is greater of the sun than of the moon. 

The reason why from any one 

ficUpses of Sun pi^ce more eclipses of the moon 

not visible ^1 r <« •■ 

^, than of the sun can be seen — is 

everywnere. , ». <• , 

that an eclipse of the moon is 

visible wherever the moon is visible, but the sun may 

be eclipsed at one place above which it is shining, and 

yet not at another. A shadow on a surface is, of 

course, a shadow to all who can see the surface ; the 

shadow of a chair on a wall, for instance, can be seen 

from any part of a room. But a dark object which 

hides a bright one from one person in a room, may 

not hide it from another, or from the same person, in 

a different part of the room. A screen may hide the 

fire from me in one corner, while from another I may 

see between the screen and the fire. So the new 

moon may hide the sun from some of the people in 

Europe, and not from those in Asia or America. 

Partial EcHpses. Eclipses may occur in which the 

moon is only partly in the earth's 
shadow ; or in which only part of the sun is hidden by 
the moon. These are called partial eclipses. The 
central part of the earth's shadow, called the umbra, 
is deep and black, because the earth cuts off all the 
sun's rays from that part. Towards the edges, light 
mingles with the shade, forming what is called the 
PENUMBRA. In the shadow of a stick thrown on a 
wall by the light of two candles we can see a deep 
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central umbra, with a faint penumbra on each side. 
The moon's passing only through the penumbra is 
not reckoned as an eclipse. 

The same force of gravity by which 

Law of ^jjQ earth draws objects above its 

Gravitation. . "^ 

surface towards it, is exerted by the 

sun and moon on every particle of the earth and the 
waters which flow over its surface. Every particle of 
matter, in fact, has a force of attraction, or pulling^ 
which it exerts upon every other particle in the uni- 
verse. This force increases as the mass of the at- 
tracting body increases, and diminishes as the distance 
multiplied by itself — ^that is, the square of the distance — 
increases. This truth is called the Law of Gravitation, 
and is generally expressed by the statement that all 
bodies attract each other directly as their masses and 
inversely as the squares of their distances. The sun 
and the moon, therefore, attract the earth and the 
waters on the earth according to this law. 

The Tides. '^^^ tides consist in a rise and fall of 

the waters of the ocean twice daily ; 
the rise being called flood ; and the fall, ebb. This 
rise and fall occurs on every shore, but earlier on any 
given day the farther east a place lies ; and shortly 
after new and full moon the risings are higher and the 
ebbs lower than at other times. The highest tides 
are called spring tides. The cause of the rise of the 
waters is that the attraction of the sun and moon is 
greater on the waters of the surface nearest them than 
it is on the centre of the earth. These waters therefore 
rise up from the centre. But their attraction is also 
greater on the centre of the earth than it is on the 
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surface farther off; therefore, the central parts and 
solid masfi-ef ^1m «arth rise as it were towards the sun 
and moon, and leave behind the waters at the distant 
surface. Thus on both sides of the earth, at opposite 
parts of the diameter along which the attraction of 
the sun and moon is acting, there is a movement of 
the waters away from the centre. 

There are, therefore, two tides 
Difference of at once, on opposite sides of 

Attraction at the earth, caused, let us notice, 

Centre and Surface. ^^ ^^g difference of the attrac- 
tion of the sun and the moon on the centre, and on 
the near and far sunaces of the earth. The difference 
in the case of the moon is about ^\fth of its whole 
attraction ; in the case of the sun it is only about 
■j^J^^th of its whole force. The result is, that the 
moon, though it has but i^th part of the force of 
attraction that the sun has, yet has much more effect 
in causing the tides. For ^^ x ^, or ^^j^, is more 
than twice Ysh'UG* ^"^ therefore the moon has more 
than twice the influence in producing the difference 
which causes the tides. 

The fact that the tides occur 

Time of Tide earlier to places the farther 

differs at different ^^st they lie is explained by 

places 

*^ the earth's rotation from west 

to east ; they therefore follow the sun and moon in 

their apparent daily course from east to west. 

But at the same place, on any 

Difference of times day, the tide rises about 50 

of tide at the minutes later than it did on 

same place. the day before. The reason is 
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that the moon, which is the chief agent in causing the 
tides, moves about 13^ eastward daily in its course 
round the stars ; and the earth, in revolving from west 
to east, must, therefore, move somewhat more than a 
complete revolution before any one place— or rather 
the places on any one meridian, having had the moon 
in that meridian — can be brought round so that it shall 
be there once more. The case is similar to that of 
the long hand of a clock, which, starting from being 
alongside the short one at twelve o'clock, must go 
once round, and somewhat more, before it again lies 
alongside of the short hand at about 5^ minutes past 
one o'clock. For the short hand, too, moves round 
on the clock face ; as the moon does among the stars, 
while the earth revolves. 

Spring Tides. ^^^ spring tides occur at full and at 

new moon, because then the attrac- 
tion of the sun and the moon being in one line, the 
waters are raised by both together ; the tides on the 
near and far sides of the earth caused by the moon, 
coinciding in both cases with those on byth sides 
caused by the sun. The highest spring tides occur 
when the sun and moon in opposition or conjunction 
happen also to be, each of them, at their points*of least 
distance from the earth — the sun in perihelion, the 
moon in perigee. 

^ . . ^ , When the sun and moon 

Pruning and lagging. j. - ^^_ ^ - u*, 

** o© o j^j,g j^Q^ jj^ ^j^g same straight 

line, then they each exert an influence on waters at 
different points on the earth's surface, and cause low 
or NEAP TIDES. Sometimes the separate influence of 
the sun hastens, sometimes it hinders the rising of 
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the lunar tides. This is called the priming and the 
LAGGING of the tides. 

The settlement at any port of 
Establishment of the time between new or full 
a Port. moon, and that at which the 

spring tides occur at that port, with the calculation of 
the monthly series of tides that follow this, is called 
the ESTABLISHMENT of the port. 

Were the earth a globe covered with 
water, then the tides would form a 
great wave, rushing round it after the sun and moon, 
within a belt of 28^° north and south of the equator. 
The masses of land and their projections prevent any 
such uniform rise and movement of the tide wave. 
The expanse of water amid which it has most scope 
to rise is that of the South Pacific Ocean between 
Cape Horn and Australia. Here the tide wave may 
be considered to begin to move ; and from this to 
press forward northward and westward after the moon, 
hindered in its progress by shoals and islands and 
headlands. The tides in small seas are raised not 
directly by the influence uf the sun and moon, but by 
the rushing of the waters of the great wave into them. 
From the South Pacific this wave passes round 
Australia on the north and south, enters the Indian 
Ocean, winds round the Cape of Good Hope, and 
rushes northward through the Atlantic into the Arctic 
Sea. It would have gone round the world in 24 hours 
had there been 6ae continuous sea ; but, as things are, 
it requires 12 hours from Tasmania to Cape Comorin, 
and 12 hours more to pass up the Atlantic as far as 
Cape Blanco on the one side, and Newfoundland on 

V 
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the other. Part of it, turned by the^ peninsula of 
Scandinavia, flows southward through the German 
Ocean and is off Aberdeen in other 12 hours ; and, in 
yet other 12, being now 48 hours from Tasmania, it 
is off the mouth of the Thames, and meets there with 
a part of the next tide wave, only 36 hours old, which 
has taken a shorter route from the Atlantic by coming 
up the English Channel. Lines on a map connecting 
all places that have high water at the same time are 
called coTiDAL lines. 

In narrow straits and up rivers, the front 
of the tide wave forms a high mass of 
waters called a tidal bore. In the Amazon the bore 
is sometimes 180 feet high. In the open sea the 
average rise of the tide is 4 or 5 feet ; in the Bay of 
Fundy, where the waters are hemmed in, the tide rises 
sometimes 120 feet ; at St. Malo, on the coast of 
France, it rises 50 feet 

Harvest Mcon. ^^^ "^^o"' ^^ we have learnt, 

moves in an orbit which is inclined 
5° to the ecliptic, and is therefore at times 28^^ north 
of the equinoctial, at others 28^^° south of it. The 
equinoctial, being always 90° from the pole, is always, 
like the pole, at the same height above the horizon. 
One half of the moon's orbit, then, is steep to the 
horizon when above it ; the other is much less above, 
or more level with it. Let us suppose that the moon 
moves along the equinoctial from west to east among 
the stars, at its ordinary rate of about 13^ daily. Its 
whole course from the spring to the autumnal equi- 
noctial point would be north of the equinoctial ; and 
from the moment of its crossing the spring equinoctial 
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point on its route eastward it would at the same time 
advance northwards for a quarter of its circle. Inas- 
much as it moves daily about 13% its times of rising 
would be on the average 52 minutes later each day. 
But about the time when it is in the spring equinoctial 
point, its advance northward on its course prevents its 
falling so much below the horizon of northern countries 
as it would have done had it moved directly eastward 
through the heavens. Hence, when it is at this part 
of its orbit, it appears above the horizon of such 
countries at nearly the same hour for a number of 
evenings in succession. This happens every lunation, 
or month. But when the sun is in the autumnal 
equinox, the moon in the spring equinoctial point is 
directly in opposition, and is a full moon. The full 
moon, therefore, in September rises at the same hour 
for some evenings in succession; at the hour, too, 
when the sun sets. What is thus true when explained 
of the moon as if it moved on a circle inclined 23^^ 
to the equinoctial, is equally true of it moving, as it 
really does, in a circle inclined 28^^ to it ; for its ad- 
vance northward, as it progresses on its orbit at the 
time of the equinox, is even more marked than it 
would be on the ecliptic. The September full moon 
is of special advantage to the reapers, and is called 
the Harvest Moon. 



EXERCISES. 



What is the distance of the moon from the earth? What is the 
length of its diameter ? Wliy does it always turn the same face to the 
earth ? Describe the course of the moon among the stars in a month* 
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Describe its phases. What are the lengths of a sidereal and a synodical 
month? What is meant by conjunction, and by opposition of the moon? 
What are the Quadratures ? What amount of the moon's circle is bright 
at each of these positions? In what direction do the horns of the new 
moon point? In what direction do those of the waning moon point? 
If the moon be seen in the daytime west of the sun, how do its horns 
point ? and is it waxing or waning ? What are the syzigies ? What 
causes the difference between a synodical and a sidereal month ? What 
is Vibration, (a) in latitude ? (b) in longitude ? What is the length of a 
day and of a nighc at the moon ? Why is a lunar day about 50 minutes 
longer than a solar day ? Why may the moon sometimes be higher 
above the horizon than the sun can ever be ? 

What causes an eclipse of the moon ? 0( the sun ? What number 
oi eclipses may occur in a year ? What number must occur ? Why do 
pot eclipses happen at every new and full moon ? Why are there more 
eclipses of the sun than of the moon ? and why are more eclipses of 
the moon seen at any one place ? Under what circumstances do total, 
annular, and. partial eclipses of the sun occur? What is meant by 
attraction of gravitation ? At what rate does its force increase and 
diminish ? 

What are the tides ? How many tides occur on the ' earth at one 
time ? What is the cause of each of the tides which rise at the same 
time on opposite parts of the earth ? Whether has the sun or the 
moon most influence on the tides ? Why has one more than the other? 
Why do the tides usually occur earlier to a place east, than to one 
west of a given meridian ? What are the priming and lagging of the 
tides? What is the establishment of a port? Describe the course of 
the tide wave. In what does the harvest moon differ from the moon at 
other seasons ? What causes its unusual appearance ? 



IX. 
DISTANCE OF SUN, MOON, AND 

STARS. 

Parallax. ^^ ^® move from place to place any 
object at a distance from us seems to 
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change its position in reference to the objects behind 
it, such as the trees of a wood, or the parts of a wall 
against which it happens to be seen. If the object be 
very near the course along which we move, its appa- 
rent change is considerable, feefore starting we may 
have seen it exactly to the left, and may find at the end 
of our course that it is a good way behind us on 
the left. This apparent angular change in the position 
of an object, owing to our real change of place, is 
called the parallax of the object ; so that parallax 
may be defined as the difference of the angles under 
which an object is seen from two different positions. 
This difference is greater the nearer the object is to the 
line joining the two positions, and the amount of it 
may be determined by the distance between the parts 
of the background against which the object is seen in 
the different positions. If there be no apparent 
change in the position of the object, that is, if it have 
no parallax after we have moved a long way, then we 
may be sure that the object is at a great distance. 
Even in the dark we may judge of parallax and 
distances. Thus, if we see a fire at some unknown 
distance to the north of us, and if, after we have gone 
a good way east or west, it still seems to be north of 
us, then, since its parallax, or apparent change of 
direction, is small, its distance is great. 

If, for example, a person walk round 

Estimation of ^ circle 40 yards in diameter, and a 

f Ob'^^r point in a wall, or a wood, exactly 

behind a post in the distance be noted 
as he starts, he will, as he hioves, see the point and 
the post separating from each other, that is, increasing 
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their angular distance from his view-point according 
as he varies that view-point in going round the circle. 
Such variations of the line of direction in which the 
post and the point is seen, he will be able to observe 
even if the post be at as great a distance as 100,000 
times the diameter of the circle round which he walks. 
Beyond this distance, however, he may go round the 
whole circle and yet will see no apparent change in 
the relative positions of the post and the point in the 
background. 

It is by a similar mode of trial that we 

Distance of judge of the immense distance of the 
the Fixed *• , , „» , , 

Stars ^^ stars. We, on the earth, move an- 

nually round the sun in a circle which 
has a diameter of twice 91 millions, or 182 millions of 
miles; and yet those stars, with some exceptions, 
shew no change in their relative positions, — they have 
no parallax. This proves that the distance of the 
fixed stars from the earth must be at least 100,000 
times 182 millions, or above 18 billions of miles. 
_ - The greater the parallax of an object, the 
Parallax. i^earer that object is. In finding the 
distance of a heavenly body, the first 
thing to be done is to find its parallax, or the angular 
difference of the directions it has when seen from two 
different positions on the earth. This difference is also 
the angle under which, if we were at the body, we 
should see these different positions ; or as mathe- 
maticians express it, the angle subtended at the 
heavenly body by the line joining the two posi- 
tions on the earth. Having found that angle and 
measured the distance between the two positions. 
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then from what mathematicians have taught respecting 
angles and the triangles of which they form a part, we 
can easily find the distance of the sun, moon, or any 
planet 

Horisoiital ParaUax. '^^"S, the radius of the earth, 

which has a known length, is 
assumed as the line joining two positions of obser- 
vation, of which the end of the radius at the surface 
is one, while the centre of the earth is the other; and 
then by an ingenious series of measurements, the 
angle is found under which that radius would be seen 
at the distant sun, moon, or planet. This angle, 
subtended by the earth's radius, is called the hori- 
zontal PARALLAX, because it is found by observations 
made when the sun, moon, or planet is on the horizon 
of one of the places of observation. "If the radius of 
the earth is found to subtend an angle of i^ at the 
distant obfect, then that object must be, by the laws 
which apply to the sides and angles of triangles, at a 
distance from the earth of 57.38 times the earth*s 
radius; if it subtends an angle of i', it is 60 times 
more distant, or 3,442 times the length of the earth's 
radius off; and if it subtends an angle of i^ it is at 
a distance of 206,000 times the radius of the earth. 

The distance of the moon has thus 

Distances |jggj| found to be rather more than 60 

of Sun and .._ ., ,1, *• 

_ times the earth s radius, or more 

Moon. 

exactly, 238,851 miles. At the point 
where it is nearest the earth, called the perigee, its 
distance is 226,000 ; and when it is farthest from the 
earth, in the point called apogee, it is about 252,000 
miles distant. In a similar way, the sun's distance is 
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estimated to be above 91 millions of miles ; and, as 

we have already seen, it is above 3,000,000 of miles 

nearer the earth at its nearest point of approach, or 

PERIHELION, than it is at its greatest distance from 

the earth, or aphelion. 

T- i^i. J* ^' J. J.' With a few exceptions, the fixed 
Light of distant , , , , n 

Stars. stars have no observable parallax. 

Those which have, must be at a 
distance almost inconceivable, so small is its measure. 
From the nearest star, whose distance has been esti- 
mated by its parallax, light, which travels 186,000 
miles in a second, would require about 3^ years to 
arrive at the earth. From another star, whose 
distance has been thus calculated, the light reaches us 
after a journey of 10 years; so that it is conceivable, 
that in these stars some living being is now .gazing 
upon the earth, and seeing, by the light which left it 
respectively 3 and 10 years ago, what happened on the 
earth at these times, as if it were happening at this 
moment. Of worlds that have long ceased to exist, we 
may.be now receiving information by light that left 
them centuries ago ; just as one may receive by post, 
and read a letter from a friend, who, when it comes to 
hand, has been weeks in his grave. 

With the help of figure 12 we may 
To find the ^g \q^ ^o understand more fully the 

distance of the j^anner in which the distance of the 
uoon. 

moon from the earth is found. Let 

the inner circle represent a meridian on the earth ; the 

outer one, a meridian in the heavens ; A and B, the 

situation of two observers on the same meridian 100* 

apart; A say at Tornea in Finland, and B at the Cape 
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of Good Hope ^ Z, Z', the zeniths of those places; 
and the straight line AB, a cord of the arc joining 
them. The two observers, at a time previously agreed 
upon, mark the place among the stars in which each 
from his own standpoint sees the moon, M. B sees 
it against the fixed star c, and A against the fixed 




Fier 12. 
Distance of the Mooxu 

O, centre of the Earth. AB, a terrestrial Meridian. 

ZMZ'% a celestial Meridian. M, the Moon. 

Cfdf stars behind the Moon*s apparent positions. 

A.B, positions of difierent observers. 

Z,Z % Zeniths of the observers at A and B. 



star d. Then the arc from Z to ^ is the moon's zenith 
distance at A, which is the same in degrees as the 
angle ZAM ; and the arc from Z' to c, or the angle 
Z'BM, is the zenith distance at B. The angle at the 
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centre of the earth, O, is the same in degrees as the 
degrees of latitude between A and B, namely ioo°. 
Since the two radii of the earth, OA and OB, are 
equal (each being about 4,000 miles), the angles OAB' 
and OBA are equal, and in this case each of them is 
40° ; for iGo° taken from 180°, (the amount of the three 
angles of the triangle OAB) leaves 80® to be divided 
equally between OAB and OBA. The length of the 
cord AB is then easily calculated. Then in the 
triangle AMB we know the angle MAB, for it is 
40° 4* '^AM, (the zenith distance of the moon at A) 
subtracted from 180®, which is the sum of all the 
possible angles at the point A, on the same side of the 
straight line OZ. We know, too, the angle MBA, for 
it is 40^ -I- ZBM,(the zenith distance at B) subtracted 
from 180® ; and we know the side AB. That is, we 
know, two angles and one side. Then, by the rules 
for triangles, the lengths of the sides AM arid BM, 
are easily found ; and these are the distances of the 
moon from A and B respectively. Knowing now AM, 
and AO, the earth's radius, and the angle MAO be- 
tween them (it is 180® — the moon's zenith distance at 
A), that is, two sides and the angle they contain, the 
line MO which is the distance of the moon from the 
earth's centre can be easily found 

^ .^ « ^ The distance of the sun from the 

Transit of Venus. _.,./. , , 1 ^1 

earth is found by observmg the 

planet Venus when it comes directly between the earth 

and the sun, and moves across the face of the sun, 

eclipsing it, as a very small moon would do. This is 

called the transit of Venus. Two transits, eight years 

between them, occur in a period of rather more than 
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a century. The finding of the sun's distance is a 
much more complicated process than that of finding y 
the moon's. Two observers on the earth, as far apart 
as possible, watch the transit. The one to the south 
will see Venus on a higher part of the sun's disc than 
the one to the north ; as in the case of the moon 
(see figure 12), while the one sees it at c, the other 
sees it at d. 

If two men at two positions widely apart look at a 
post standing between them and a wall, they will each 
see the post against different parts of the wall. If the 
post be the same distance from the wall as from the 
men, the distance of the parts of the wall hidden from 
each man by the post will be the same as the distance 
of the men from each other. If the wall be twice as 
far behind the post as the men are in front of it, then 
fhe distance betwen the hidden spots will be twice the 
distance between the men, and so on. 

The sun is 2^ times farther from Venus than the 
earth is ; therefore, in the same- way, the actual dis- 
tance between the parts of the sun eclipsed by Venus, 
to the two observers at the same moment, will be 2i^ 
times their actual distance from each other. Sup- 
pose them to be one at each end of the earth's polar 
diameter, that is, about 7,200 miles apart, then the 
actual distance on the face of the sun between the two 
points which, at the same moment^ appear hidden to 
the observers, will be 2i times 7,200, or 18,000, miles. 
It is easy now to find what part of the sun's whole 
diameter this is, and thus the actual length of the 
sun's diameter becomes known. Now the angle which 
the sun's diameter subtends at the earth is nearly 32' » 
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and whatever subtends this angle must be at a distance 
of about io8 times its own length. Having first found 
the actual diameter, which is about 850,000 miles, the 
actual distance is this multiplied by 108. 

The angular distance between the points of the sun 
against which the planet appears to these two different 
observers at any given moment will be 2i times the 
angle at which the earth's diameter would be seen 
from the sun, or 5 times the angle at which the earth's 
radius would be seen ; that is to say, 5 times the sun's 




Fifir. 13. 
Transit of Vexms. 
E, the earth. V. Venus. C, the point of the Sun's suiface 

on which Veniu is seen by one observer, when she appears to 
another on the point D. CD, breadth of the zone between 
her apparent paths across the sun, 

horizontal parallax. But though the space included b}* 
this angle on the face of the sun may be easily seen, 
it is not easily measured, its extremes being points on 
a bright disc. The plan adopted is, tor each observer 
to carefully note the beginning of the petty eclipse 
or transit, that is, the moment of contact ; also the 
line which the planet takes across the sun, and the 
moment at which it leaves the disc, that is, the 
moment of egress. They thus get the exact times 
occupied by the transit at the respective stations ; and 
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the difference of these times shews the difference of 
the lengths of the lines it has appeared to traverse. 
It is easy then to find exactly the parts of the sun*s 
disc which the lines cross, and to calculate the breadth 
of the zone between them. This breadth will be 2i 
times the diameter of the earth. 



EXERCISES. 



What is parallax ? How may its amoant be judged of? How does 
it prove the immense distance ot the fixed stars? How may the parallax 
oi a distant object be expressed, considered as viewed from the object ? 
What is horizontal parallax ? If an object of known length subtend an 
angle of i^, how many times its own length roust it be distant? If 
it subtend an angle of i', how far off must it be ? What is meant by 
perigee and apogee ? Illustrate by the velocity of light the distance of 
some of the fixed stars. Describe the method of finding the distance of 
the moon. Give an outline of the mode of finding the distance of the 
sun by observing the transit of Venus. 



X. 

THE SOLAR SYSTEM. 

The Planets. '^^® ^^^^^ attended by its satellite the 

moon, as we have seen, revolves round 
the sun in a year, in an elliptical orbit. It also rotates 
once in 24 hours, on an axis inclined to the plane of 
its path round the sun, and this axis points always in 
the same direction in space, through whatever portion 
of its orbit the earth may be moving. Other bodies. 
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called planets, of the same nature as the earth, revolve 
round the sun ; some nearer to it than the earth is, 
some farther off. These planets have axes of rotation 
inclined to the planes of their paths; and they change 
their places in our sky, while advancing on their 
paths, being sometimes of the same side of the sun as the 
earth is, and sometimes on the opposite side — that is, 
in conjunction or in opposition. Those which revolve 
in an orbit nearer the sun than the earth's orbit are 
called INFERIOR planets ; and sometimes, when they 
come between us and the sun in the nodes or crossings 
of their orbits and the earth's, they appear on the face 
of the sun, crossing it, and causing a miniature eclipse, 
as we have already seen in the case of Venus. Those 
which move in orbits farther from the sun than the 
orbit of the earth are called superior planets. Since 
all the other planets move around the sun at different 
rates of velocity from that of the earth, they appear to 
us sometimes to go before the sun in its daily course, 
sometimes to fall behind it, sometimes to stand still 
altogether, and sometimes to rush rapidly forward. 
The facts that these other planets do move round the 
sun, and that they do rotate on their axes, and are 
round, mostly somewhat flattened at their poles, form a 
strong argument for the likelihood that the same facts 
in regard to movement and shape are true respecting 
the earth. 

.^^ J The names of the planets in their 

order of distance from the sun are : 
Mercury, Venus, the Earth, Mars, the Asteroids, (a 
group of about 150 small planets) Jupiter, Saturn, Ura- 
nus, and Neptune. Mercury is 35 millions of miles dis- 
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tant from the sun ; Venus, 66 millions ; the Earth, 91 
millions; Mars, 139 millions; the Asteroids vary; 
Jupiter is 476 millions; Saturn, 872 millions; Uranus, 
1 ,753 millions; and Neptune, 2,746 millions. There is a 
law or rule, called Bode*s law, by which the distances 
of the planets were once considered to be regulated. 
According to it, the intervals between the orbit of 
Mercury and the other orbits go on doubling as they 
go farther from the sun. Thus, the Earth is about 
twice as far beyond Mercury as Venus is ; Mars. 4 
times ; the Asteroids, on the average, 8 times ; Jupiter, 
16 times; Saturn, 32 times ; Uranus, 64 times. This 
law is, however, completely falsified by the orbit of 
Neptune, which is not nearly double the orbit between 
Mercury and Uranus. 

If a globe of two feet in dia- 

BeUtive Distances ^eter were taken to represent 

and Magnitudes. ^^^ ^^^^ ^^ ^^^ ^^^^ ^ mustard 

seed, 164 feet off, would serve for Mercury; a pea, 284. 
feet off, would serve to represent Venus ; another pea, 
430 feet off, would serve as the Earth ; a few grains 
of sand, lying about 1,000 feet ofi^ would represent the 
Asteroids ; an orange, half a mile away, would stand 
for Jupiter; and another orange, four-fifths of a mile 
off, for Saturn ; a cherry, a mile and a half off, would 
be Uranus ; and a plum, two miles and a half from the 
globe, would represent Neptune. 

. These distances would, of course, 

represent the radii of the different 

circles round which the different objects should be 

carried to represent the orbits of the planets ; the times 

of their completing the circles, that is, the years of 
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the difierent planets increase with their distances. 

The year of Mercury is 88 days long; that of Venus, 

224 days ; the Earth's, 365}; that of Saturn, above 

10,000 ; of Uranus, above 30,000 ; of Neptune, above 

60,000, So that, if there were inhabitants of Neptune 

with their lifetime reckoned by the number of their 

years, and developing in one such year not more 

than man does in a year, the children who were born 

there in the year one of our era are still at school ; 

those born there when Joseph was in Egypt are now 

rising young men and women ; and threescore and 

ten years there are as ten thousand here. 

_, , _ The days of the planets, or the times of 

Their Daya. . ,- .1. ■ ■ 

rotation on their axis, are as various 

in length as their years. The days of Mercury, Venus, 
and Mars do not differ much from our own day of 24 
hours ; Jupiter's day lasts only 9 hours 56 minutes ; 
Saturn's, lo^ hours; and the sun itself rotates on its 
axis in 25 days 10 hours, as can be seen by the move- 
ment of the spots on it. The earth, as we know, has 
one satellite, and Jupiter has four. Saturn, too, has 
eight ; Uranus, four ; and Neptune, one. All the 
planets revolve round the sun from west to east, and 
rotate on their axes in the same direction. Their 
satellites, too, rotate from west to east, except those 
of Uranus, which rotate from east to west. 

Regarding the movements of the planets 
round the sun, Kepler, the famous' astro- 
nomer, found out three general facts which 
e often spoken of as Kepler's Laws : — 
1 (i.) That the planets all move in ellipses, of which 
e sun occupies one of the foci. 
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(2.) That the motion is more rapid the nearer the 
planet is to the sun ; so that the radius vector — that 
is, a line joining the planet to the sun, stretching and 
shortening as the sun and the planet are distant or 
near — sweeps over equal areas of space in equal times. 
(3.) That the squares of the times of revolution of 
the planets are in the same proportion to each other 
as the cubes of their distances. 

Comets. Besides the planets there are other bodies 
which revolve round the sun. Among them 
are comets. They are strange tailed stars, varying in 
size and brightness, dim for the most part, with a 
bright central part called the nucleus. These come only 
at times as visitors of the regions within our ken from 
a long distance, pass round close to the sun, increasing 
in brightness as they approach it, and then fly off 
again to unknown immensely distant parts of space ; 
some to remain away for ever, some to return in a 
few years. The planets in their courses keep near the 
ecliptic, while comets move through curves in every 
plane ; all the planets move round the sun in the same 
direction as the earth, some of the comets move in 
a contrary direction. 

Among the other bodies in relation with our 
sun are meteors, which almost any night, 
and especially in August and November, may be seen 
flashing out of the darkness for a momeAt; and which 
when they fall to the earth, form the stones called 
METEORITES. They are small dark bodies, and 
revolve in immense numbers round the sun. They 
become bright only when they are* drawn by the earth's 
attraction^ and begin to burn in falling through the air. 

G 



98 The Solar System. 

For the most part they are consumed before they 

reach the ground ; a few only are spared to stimulate 

the curiosity of philosophers, and to grace museums. 

The orbits of these meteorites are found to be the 

same as those of some of the comets ; and hence it 

has been suggested, of late years, that comets are 

clusters of meteorites keeping together in space, as 

they fly in their orbits round the sun. 

..^ ^ , ^ , The sun, the moon, the planets. 

The Solar System. ' • , f. 

comets and meteonc bodies are 

all included in what is known as the solar system. 
These planets, satellites, and comets derive their light 
from the sun, and shine on us by reflecting it ; while 
the fixed stars shine by their own light. The fixed 
stars are themselves suns, probably with worlds re- 
volving round them and dependent on them for heat 
and light, but too distant for our telescopes to track. 
The probability is, that no two of the fixed stars are 
nearer each other than the nearest of them is to our 
sun. 



EXERCISES. 



In what respects do the planets resemble the earth ? What are 
superior planets ? Inferior planets ? Oive the names of the planets in 
their order of distance from the sun. What is Bode's Law ? Illustrate 
the relative distances and magnitudes of the planets by the sizes and 
positions of common objects. Illustrate by comparison with the lives 
of human beings the lengths of the years of some of the planets. What 
are Kepler's three laws ? What is meant by radius vector ? What other 
bodies besides the planets revolve round the sun ? What group of objects 
forms the solar system ? 



Kepler's Facts. 
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XI, 

GRAVITATION. 

The three facts observed by Kepler 
are commonly called Kepler's laws; 
but they are not laws in the propeh acceptation of the 
term. They were simply unconnected facts, whereas 
a law means a truth which binds a number of facts 
under one statement — a truth of which all these facts 
and others that may be predicted are consequences. 

^, , . ^ Sir Isaac Newton discovered the 

Newton's Law. , r u- u v 1 » r * 

law of which Kepler s facts are con- 
sequences — namely, the Law of Gravitation. From the 
fact, that the areas described by the radius vector are 
proportional to the times of revolution of the planets, 
Newton shewed that the planets must be acted on by 
a force proceeding from the sun ; from the fact, that 
they move in ellipses of which the sun stands in one 
of the foci, he shewed that this force increases as the 
square of the distance from the sun decreases ; and 
from the fact, that the squares of their times are to 
each other as the cubes of their distances, he shewed 
that the force is proportionate to the mass. These 
three conclusions led ultimately to the Law of Gravi- 
tation, namely, that "every particle of matter attracts 
every other, and that the attraction is in direct pro- 
portion to the mass and inverse proportion to the 
distance of the attracting bodies." With this force of 
attraction from the sun acting upon the planets, and 
driving them through space, with an original force 
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and so keeping them from falling to the sun, Newton 
accounted mechanically for the wondrous arrangement 
by which they all keep their apppointed courses. 

By the force of attraction the earth 

Attraction^ draws bodies to it, so that at its 

* g ® -. ' * surface — that is, at the distance of 

its radius from the centre — they 
fall i6\ feet in one second of time ; 3 x 16^ in two ; 
5 X 16 J in three ; 7 X 16J in four, and so on, the 
more rapidly the longer the time of falling. In two 
seconds therefore a body will have fallen altogether 
4 X i6i feet; in three, 9 x 16J ; in four, 16 x 16^, 
and so on ; that is, the distance through which a body 
falls in a given time may be found by multiplying 
16^ feet by the square of the number of seconds in 
that time. 

Since we know the amount of the earth's 

Attraction attraction at the surface, or the distance 

at the 

_ of one radius from the centre, it is easy 

to calculate what must be its force at the 

moon, at the distance of 60 radii. It must be as 

much less as the square ot the distance is greater, 

and will therefore be not ^(yth, but ^Vx^(yth, or s^-^nr^h 

of what it is at the earth's surface. Newton proved 

that it is so, by showing that thd moon falls towards 

the earth in a given time, because in its ' curve it is 

bent out of the straight line along which it would move 

were there no attraction of the earth, exactly as far as 

it would be drawn were it a stone acted on by the earth 

at that distance. Thus Newton proved that gravitation 

extends to the moon. Between its own original 

movement through space under what is called Cen- 
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TRiFUGAL FORCB, and the attraction of the earth called 
Centripetal force, the moon moves in an ellipse 
round the earth. 

The same force, therefore, which drags a stone to 
the earth, whirls the moon round the earth, and the 
other satellites round their planets, as well as the 
planets round the sun. The statement of the mode 
in which this force acts is called a Law of Nature, 
because it governs the movements of all bodies in 
nature. It is a force which acts everywhere without 
fail; and astronomers calculate from it with such 
certainty that they tell for years beforehand the place 
which each planet should occupy in its course. 
Should the planet fail in its appointed time, or de- 
viate from its appointed course, then the astronomer 
is certain that the law does not fail, but that some- 
where in space there exists an unknown attracting 
body which causes the unpunctuality. It was a 
slight unpunctuality of Uranus that thus led to the 
discovery of the planet Neptune. Two astronomers, 
Leverrier in France and Adams in England, declared 
beforehand where the disturbing body should be 
looked for, and Galle in Germany found it where they 
had, each independently of the other, said it should be. 

The force of attraction leads to dis- 
Perturbations. ^ , . „ , 

turbances, or as they are called 

PERTURBATIONS, of the movements of the earth and 

moon, because of the greater attraction of the sun 

and moon on the greater mass of the earth at its 

equator; and also because of the differences of the 

attractive force of the sun and the earth upon the 

moon in different parts of its orbit. Owing to these 
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disturbances the three great circles in the heavens, 
namely, the ecliptic, the equinoctial, and the moon's 
orbit, do not always cut each other in the same points 
or nodes. The moon in her monthly course from 
west to east, is drawn by the force of the sun towards 
the line in which the sun always is, namely the eclip^ 
tic ; she therefore comes upon it at each revolution 
before she has completed a circle among the stars ; 
and crosses it at a point short of her last crossing 
point, or onde, 'by about ig^ Thus in nearly 19 
years, since 19** x 19 =z 36 1% the nodes of the 
moon's orbit make a revolution round the celestial 
sphere. 

In a similar way the greater force of 
Precession ^j^g ^^^ upon the extra mass of the earth 

Eauinozes ^^o^t the equator, draws the particles 

of this mass successively round towards 
the sun in the ecliptic. Each year, therefore, the point 
at which the sun in its path crosses the equinoctial 
is advanced 50" from the point among the stars crossed 
by it the year before, bringing the equinox 2o4- minutes 
before its time, as it were. This is called the 
PRECESSION of the equinoxes. Because of it the nodes 
of the ecliptic and equinoctial describe a circle round 
the ecliptic in about 25,900 years (^HMMMJL'j, 

The equinoctial points thus change 

Change of the ^heir places among the stars. 

^inoc la Though more than 2000 years ago 

the spring equinoctial point was 
in the constellation Aries, it is not so now ; but still 
the node — or crossing point for the time — of the 
ecliptic and equinoctial is called the point Aries. 
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Since the equator of the earth is thus made to swing 
round the ecliptic, it is clear that the poles of the 
earth must swing too ; and they do so round points 
of the heavens which bear the same central position 
for the ecliptic that they themselves do for the 
equator, and which are called the poles of the ecliptic. 
They therefore in 25,900 years describe a circle round 
the poles of the ecliptic, in either hemisphere. In 
consequence of this movement the same star cannot 
always be above the poles of the earth ; indeed 
every star near the circle of 23J® round the pole of 
the ecliptic will be so placed at one time or other. The 
swaying of a top as it spins, gives an idea of the 
movement of the earth as it slowly sways round, 
dragged by the stronger attraction of the sun at the 
equatorial parts than at the other parts of its globe. 

The moon, too, exerts an attractive 
Nutation ^^^^^ ^^ ^^iq parts at the equator, and 

of the Axis. . , J xu 1' *.• 

as its i>odes go round the ecliptic 

in 19 years, the earth's axis under this force is 
moved slightly, and its extremities tend to describe a 
small ellipse round the poles of the ecliptic; The 
tendency thus caused, of the poles of the earth to 
describe a small ellipse every 19 years modifies the 
circle which would be described by the poles as a 
result of precession alone, and converts it into a 
waving curve — a path such as a tipsy man tends to 
move along, in walking round a race-course. To this 
waving or tremulous motion is given the name pf 
Nutation, or nodding of the axis. 
Changing ObUquity ^he planets, too, by their 
of Ecliptic. attraction tend to bring the 
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equator and the ecliptic to the same plane or level, 
and thus to reduce what is called the obliquity of 
THE ECLIPTIC. That obliquity is about 23^^° now ; 
astronomers calculate that it will by and by lessen 
to 22® ; and afterwards by slow changes in the 
positions of the planets as regards the earth, it will 
again increase. 

Anomalistic Year. ^'^"^ «^"^^^^^ ^^^ses the ellipse 

of the earth's orbit revolves in 
1 10,000 years in the same direction as that in which the 
earth moves, so that the places of perihelion and 
aphelion, or of nearest and greatest distance from the 
sun, change in relation to the seasons. The interval 
from one perihelion to the next is called the anomal- 
istic YEAR. About 3,600 years before the date of the 
creation the earth was nearest the sun in the summer 
of the northern hemisphere, the reverse being the case 
now. The summer heat and winter cold must then 
have been greater by far than they are at present. 

The excentricity of the earth's orbit 

E^entricity ^^^^^^^ ^^^^ '^^ ^°"& periods of time, 
of Orbit. ^^^ therefore the sun, within such 

periods, must be much nearer the 
earth than it is at its nearest now, and much farther 
from it than it is at its farthest now. Suppose that at 
a period of greatest excentricity the earth's north pole 
be turned away from the sun at the time when 
the earth is in aphelion, then would possibly occur 
one of those periods called by the geologists glacial 
epochs, when all Europe would be covered by snow 
and ice, as only the polar regions are now. The 
winters would then be long;er than the summers, for the 
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earth takes a week longer to perform the aphelion 
half than the perihelion half of its orbit ; and the 
short summers would not be long enough to melt the 
yearly accumulating mass of ice and snow. It has 
recently been calculated that such a period of high 
excentricity extended from about 980.000 to 720,000 
years ago ; and another began about 240,000 and 
lasted till 80,000 years ago. This last would there- 
fore be the last glacial epoch of the geologists. 



EXERCISES. 

What wider law did Sir Isaac Newton induce from Kepler's laws ? 
State the rates at which bodies fall in a few seconds near the surface of 
the earth. By what rule may one calculate the actual distance which a 
body falls near the earth's surface in a given time? To what heavenly 
body did Newton prove that the iaw of the velocity of bodies tailing 
near the earth's surface applied ? What are perturbations ? In what 
time do the nodes of the moon's orbit revolve round the ecliptic? 
What effect has this revolution upon the succession of eclipses ? What 
is precession of the equinoxes ? What causes it ? What is nutation of 
the earth's axis ? and what is its cause? 



XII. 
MAPS. 

Prciections Since the earth is round, it is clear 

that the only correct representation 
which can be given oi the lands and seas on it in 
their proper latitudes, longitudes, and shape must be 
given on the surface of a globe. But globes are 
inconvenient and expensive, therefore maps have been 
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brought into use. In these the rounded surface of 
the earth is represented on flat paper, and hence there 
must be distortion of the objects represented. Dif- 
ferent methods have been adopted to reduce this 
distortion, or to modify it; and any plan by which the 
spherical surface is sought to be represented on a 
plane, is called a projection. 

There are five different projections: the Stereo- 
graphic, Orthographic, Globular or Equidistant, Con- 
ical, and M creator^ s. 

The Stereographic projection of a 
Map of the World in two hemi- 
spheres, shows each hemisphere as an eye at the 
antipodes of the central point of that hemisphere 
would see it were the globe hollow and transparent, and 
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Flgr. 14. 
Stereographio Projection. 

The straipht line AB is a section of the plane of projection. The 
equal spaces marked by the figures between A and B on the 
straight line represent unequal spaces marked' along the eurve 

between A and B. 

a plane of glass or transparent paper stretched through 
its centre across a large circle. On this transparent 
plane the coast line, capes, &c., of the hemisphere 
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opposite to the eye may be considered to be drawn 
much in the same way as a landscape outside may 
be outlined on one of the panes of a window; or 
the rays passing through the central plane to the eye 
may be considered to photograph the objects on that 
plane as they pass through it. In a map of the world 
on this projection parts near the centre are too small 
compared with the parts near the circumference. 

The Orthographic projection is a 
representation on a similar plane, 
but the eye is considered to be at an infinite distance 
from the globe, and the rays or lines pass through the 
central plane perpendicular to it, and, therefore, par- 
allel to each other. In a map on this projection parts 
near the circumference are too small compared with 
the parts near the centre. 
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Pifir. 15. 

Orthosrraphic Projection. 
AB, the plane of projection. The equal spaces between A and B 
on the plane represent the unequal spaces marked by the figures 

between A and B along the curve. 



Globular. 



The Globular or Equidistant projec- 
tion is a representation on a similar 
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plane, but the eye is considered to be at the distance 
of half the chord of a quadrant from the surface of the 
earth opposite to that represented. Lines from equally 
distant parts of the circumference to a point at this 
distance cut the plane of projection at points equally 
distant, and thus equal spaces on the earth are re- 
presented by equal spaces in this projection. The 
equidistant is usually chosen for maps of the World 
in hemispheres. 

A 




Tig. 16. 

Globxilar Projection. 

The equal spaces on the plane of projection AB represent the 
equal spaces on the curve. The line from 2 to 5 is half the 

chord of a quadrant. 

In each of these three projections the equator and 
the central meridian of the map are projected into 
straight lines. In the orthographic the parallels are 
also straight lines, and the meridians are ellipses. 
In the stereographic the meridians and the parallels 
are parts of circles. The equidistant projection 
maintains, indeed, the areas of the countries in just 
proportion, but distorts their shape considerably. 

Any great circle may serve as the plane for such pro- 
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jections. If the Equator be chosen, we have a Map of 
the World divided into Northern and Southern hemi- 
spheres. The circle whose circumference is every- 
where 96° from London, would, if chosen as the plane 
of projection, give us Maps of the World on the 
horizon of London and of its Antipodes, and divide the 
World into the hemispheres of greatest land and of 
greatest water. The plane of the meridian of 20® 
West of Greenwich :s the usual plane of projection for 
the map of the world when divided into Eastern and 
Western hemispheres. 

, , In Mercator's projection the Globe is 
Mercator's. j ^ i, 1 j • r j 

supposed to be enclosed m a cyhnder 

which exactly fits it at the equator, and the surface is 

supposed to be expanded or stretched out. Northward 

and Southward, till it touches the inner surface of the 

cylinder. The outlines of the countries &c., are then, 

as it were, transferred from the outer surface of the 

globe to the inner surface of the cylinder at the parts 

where they touch. The cylinder is afterwards cut, 

and opened out as one would open out a scroll. The 

parallels and meridians are here all straight lines, at 

right angles to each other, and the spaces between 

the meridians are equal ; that is, in this map or pio- 

jection the degrees of longitude are all of the same 

length as those on the equator. The farther North 

and South, therefore, any place is situated, the greater is 

the exaggeration of its length from East to West; and 

to preserve something like the shape of Northern and 

Southern lands, the spaces between the degrees of 

latitude are exaggerated in the same proportions as 

those between the degrees of longitude. 
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Mercator's Projeotion. 
A, globe enclosed in cylinder. B, cylinder opened out. 



This projection forms a Chart rather than 

a Map ; being chiefly of use at sea. A 

line drawn on it from any one point to another cuts 

all the meridians at the same angle, and is called a 

RHUMB LINE. A Captain draws on his chart a line 
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from the port at which his vessel is, to the port which 
he wishes to reach, and observes the angle at which it 
cuts the meridians. An angle of 45** formed by the 
line between the two places and the meridians, to the 
West of his position as marked on the chart, tells him 
that by holding a course due North-west he would 
without fail reach the desired port. 

Along this line, however, would not 
^'g^V^"^°^® be his shortest way between the two 

ports. The shortest possible distance 
on the surface between any two points upon a sphere is 
along a great circle of that sphere. The less a circle 
curves, the nearer any distance on its circumference is 
to a straight line. For places, therefore, that are on 
the equator, or for places on the same meridian, the 
shortest distance between them is along the Equator 
or along the meridian ; but for two places not so situated 
the course of a great circle is difficult to trace. A set 
of rules has been drawn up, by attending to which a 
vessel may be kept on the curve of a great circle 
between two places ; and this is called great circle 
SAILING. These rules, however, are so difficult to fol- 
low, that it is often better^ as it certainly is always 
easier, to take the longer route between the places, 
namely, that, which is represented by the straight line 
joining them in Mercator's Chart. 

The projection mostly used for Maps 
The Conical ^f p^rts of the world, such as particu- 
Projection. j^^ countries or districts, is that called 
the conical projection. In it a cone is supposed to fit 
round the world at the middle latitude of the country 
to be represented, exactly as the cylinder is supposed 
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to fit round the equator in Mercator's projection, and 
the surface of the country is then supposed to be ex- 
panded till it touches the inner surface of the cone at a 
sufBcient distance on both sides of the middle latitude. 
The parts of the sphere to be included in the map are 
then transferred to the inner surface of the cone, 
which is unrolled, like Mercator's cylinder, and the 
Map of the country is thus found on the plane of the 
developed cone. In such a map the meridians are 
straight lines converging to the apex of the cone, 




Fiff. 18. 
Conical Projeotion. 

instead of, as on the sphere, circles converging to 
the pole. The parallels are arcs of circles described 
from the apex of the cone as a centre, and by the rules 
of trigonometry, the distance of the apex of a cone 
touching all round the sphere at any latitude, that is. 
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the centre of the circle from which the parallels must be 
drawn, is easily found. It is, for each latitude, always 
the length of a known number of degrees of the sphere. 

England is best represented by pro- 
Projections jection on a cone supposed to touch 
,^^ the sphere round the 53rd parallel of 

^ *^*' North Latitude. In the Map of the 

British Isles the middle latitude should be the 55th 
degree. For a map of Europe the 50th would be the 
best parallel for the centre, since along it lie the most 
important parts of that division of the globe ; and the 
exaggerations of the conical surface would be thrown 
upon the unimportant countries of the North, and 
upon the Mediterranean and Black Seas in the South. 
The central meridian of the map of Europe is the line 
of 20** east longitude. 

•r. T 1 • ,-. x^ J The Map of Asia is usually drawn 
Dehsle'a Method. ,.0 .. r .u 1 

on a modification of the conical 




Fisr. 19. 
Beliale's Conical Projection. 
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projection, called Delisle's Method, by which the cone, 
instead of touching the globe round one parallel, cuts 
it at two, entering at one and leaving at the other ; 
and therefore the inner surface of the cone corres- 
ponds exactly with the outer surface of the globe at 
both. In Asia the cone intersects' at the 25th and Goth 
parallels of North latitude, and the central meridian 
is 85° East. 

_^ Sometimes Asia is drawn on a pro- 

Proiection. j action called Flamstead's method. 

In this the parallels are straight lines, 
or arcs of concentric circles. The meridians are 
drawn through the parallels, not as straight lines con- 
verging to the apex of a cone, but as curves cutting 
each of the parallels at distances proportionate to the 
decrease in the length of the degrees of longitude on 
the successive parallels. 




FifiT. 20. 
Plamstead's Projeotlon. 



Since Africa extends on both sides of the Equator, 
the conical method is inapplicable, and Flamstead*s 
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method is usually adopted. The cenral meridian is 
that of 20° east longitude, and is a straight line ; while 
the parallels are also strait lines which cross it at 
right angles and at equal distances for every 10 or 15 
degrees of latitude. The other meridians are made to 
cut the parallels in points found according to the pro- 
portionate length of degrees of longitude on each 
parallel. In the Map of South America the same 
method of projection is used, the central meridian 
being that of 60° West longitude. Flamstead's method 
with the parallels as concentric curves is used com- 
monly for the Map of North America, — the central 
meridian being that of 100° West longitude. 

Maps of Australia and of the islands of the Pacific 
are commonly drawn on Mercator*s projection. 

The different projections form the 
Map Drawing: framework within which the dif- 
ferent parts of the coast line or 
boundary of a country, its river lines and mountain 
chains, may be drawn in the latitudes and longitudes 
reported by surveyors or explorers. The coast line of 
each continent or island shews the shape which that 
island or continent has at the present sea level. But 
the interior of a country is generally higher than that 
level, otherwise the waters of the ocean would flow 
over it ; and the different parts of the interior vary in 
height from low marshy ground and plains scarcely 
high enough to keep out the waters, to elevated 
plateaux and the summits of the highest mountains. 
Different modes have been adopted of expressing in 
maps these variations of height — the relief, as it has 
been called, of the earth's surface. The objects 
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to be attained by the representation of relief, in a 
map are either : (i) Such mathematical exactness as 
is needful for the railway surveyor or the military 
engineer ; or (2) Such faithfulness of representation 
to the eye, and correctness of the mental picture con- 
veyed by the map' as is suitable for educational pur- 
poses. 

Contour line maps aim at scientific 
Contour accuracy in the representation of 

^ ' heights and slopes. To understand 
their method let us suppose that the surface of the 
ocean were raised 500 feet higher than its present 
level. The low plains of all islands and continents 
would be submerged, the area of the land diminished, 
and the coast line changed. The new coast line 
might be represented on a map of the lands as at 
present existing, by curved lines drawn within the 
former coast line. In a similar manner the coast 
lines that would be formed were the sea level to rise 
1,000, 1,500, 2,000, &c. feet might be drawn. Such 
lines — lines, namely, joining all points of a country 
that are of the same height — are called contour 
LiNFS, and a map with a sufficient number of such 
lines correctly drawn would represent faithfully the 
relief of a country. Where the land rises suddenly 
the contour lines would be close together; where 
wide level plains exist, the lines would be far apart. 
Thus the mountain regions in such a map would be 
dark, and the valleys or plains light, while the spaces 
between the contour lines might be shaded so as to 
give the effect of the different slopes. Contour line 
maps to be useful must be drawn on an immense 
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scale, and unless the lines be very numerous they fail 
in representing pictorially the inequalites of a country. 
They are chiefly of use for draining, roadmaking, 
fortification, and the like, and have been adopted in 
the construction of the Maps of the Ordnance Survey* 
The invention is of French origin. 

Lehmann Maps. Attempts have been made to ex- 

press relief of surface by various 
modes of shading, without contour lines. In the 
Saxon or Lehmann system of map drawing a level 
plain is left white, while a slope of 45° is wholly 
black. Intermediate slopes are expressed by different 
grades of shading for each difference of 5°. On a slope 
of 40° the black is to the white as 8 to i ; on a slope 
of 35®, as 7 to 2 ; on a slope of 30**, as 6 to 3 : and so 
on through the nine stages of 5°, from all black at 45® 
to all white at o** of slope. Relief in this way may be 
as truly expressed as by contour lines. 

But these methods of shewing 
Photo-Lithograph ^^e physical features of a 

' country are far too costly for 

ordinary educational purposes, as well as wanting in 
pictorial effect. Amongst the better class of maps 
adapted for school use, the German wall maps of Sydow 
may be mentioned. But the most effective of all 
modes of representing to the eye the irregularities of 
surface, and therefore the best for scholastic purposes, 
is that employed in the series of photo-lithograph 
maps issued by the publisher of the present work. 
In this series the maps are photo-lithographed from 
models in relief of the countries represented. The 
level country is shown by green tints, the deepest 
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green showing the lowest lying land, while the high 
lands are done in faint shading, and the mountains 
rise in strong light and shade according to their 
height. Thus the map becomes as nearly as possible 
like a coloured photograph of the surface of the 
country, and from it the eye catches readily the lead- 
ing physical features of the district mapped. 

While possessing these advantages in the represen- 
tion of relief, the maps of this series are not more 
costly than ordinary maps of the same dimensions. 



EXERCISES. 



Why are maps more useful than globes ? Wliat is a projection ? 
Name five different kinds of projections. What is the nature and chief 
defect of the stereographic projection ? Of the orthographic ? Of the 
globular or equidistant ? What circle divides the northern and southern 
hemispheres ? The eastern and western ? The hemispheres of 
land and water ? What is the nature of Mercator's projection ? In 
what respect does it fail to represent diffeient portions of the 
earth's surface correctly ? What is its use ? What is the line uf 
least distance between two points on the surface of a sphere ? What 
is great circle sailing ? What is a rhumb line? Why is it easier to 
sail along a rhumb line than along a great circle of the globe? What 
'.s the nature of the conical projection? On what ^projection are maps 
of England and Europe usually drawn ? What is Deiisle's method of 
conical projection? What is Flamstead's method of projection ? Of 
what nature is the projection on which maps of Africa and South 
America are usual y drawn? On what projections are the maps of North 
America, and those of Australasia commonly drawn? What is 
meant in Geography by ' relief ? * What are Contour lines? Explain 
the Saxon method of Map shading. What are photolithograph Maps? 
For what different purposes are contour line Maps and Photolithograph 
Maps adapted? 
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ETYMOLOGY OF TERMS. 

Aberration ... ab, from, and errare to wander. Lat. 
Aerolite ... drip, the air, and XiOos a stone. Gr. 
Altitude ... altitudOf height. Lat. 

.Angle an^ttZtttf, a corner. Lat. 

Annular ... annulus, a ring. Lat. 

Aphelion ... SivS, from, and ijKioi, the sun. Gr. 

Apogee dvOf from, and y/), the earth. Gr. 

Azimuth ... an approach. Arabic. 

Calendar ... calendae, the first daj in each month. Lat. 

Cardinal ... oardo, a hinge, cardinalia, chief. Lat. 

Comet KOfifiTTiSf hairy. Gr. 

Culmination oulmen, the top, summit. Lat. ' 

Eclipse... ... ecXec^ifi, a disappearance. Gr. Hence 

Ecliptic ... the line in which eclipses occur. 

Equinox ... 009 w» equal, and nor, night. Lat. 

Gravitation ... gravis, heaVj. Lat. 

Gyroscope ... yvpo9, a'curye, and OKoirita, I see. Gr. 

Hemisphere f//ic, half, and a^aipa, a sphere. Gr. 

Horizon ... bpV^iav, a boundary. Gr. 

Latitude ... latUudo, breadth. Lat. 

Longitude ... longitvdo, length. Lat 

Meridian ... 97tm^i«s, midwaj. Lat. 

Nodes fkM^fM, a knot. Lat. 

Nutation ... nutatio, a nodding. Lat. 

Orbit or^, a circle. Lat. 

Orthographic 6p05s, straight, and ypdt^iv, to draw. Gr. 
Paralax ... rapaXXaCis, a change. 6hr. 
Penumbra ... pene, almost, and «m^a, a shadow. Lat. 
Perigee ... irepi, near, and yfj, the earth. Gr. 
Perihelion ... irepi, near, and ?/X(os, the sun. Gr. 

Period jrepi, round, and 6d6s, a path. Gr. 

Perturbation perturbare, to interfere with. Lat. 

Phases ^a^cs, an appearance. Gr. 

Planet ..• ... TrXai/Z/riys, a wanderer. Gr. 
Pole woXeut, I turn. Gr. 
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Precession ... 
Befraotion ... 
Satellite 
Sidereal 
Solstice ... 
Syzigies 
Stereographio 
Telescope ... 
Transit 

Tropic 

Vertical 



praecedere. to go before. Lat. 

re, back, andjrangere, to bend. Lat. 

satdles, a companion. Lat. 

sidus, a star. Lat. 

solf the sun, and stare, to stand still. Lat. 

ov^vyia, a joking together in one line. Gl-r. 

(TTepebs solid, and ypa^eiv, to draw. Or, 

rf/Xe, afar, and aKoireut, I see. Gr. 

trane, across, and ire, to go. Lat. 

Tfitireiv, to turn. Qr. 

vertex^ the top. LaL 



INDEX. 



Altitude, 16. 

Antipodes, 23. 

Aphelion, 88. 

Apogee, 87. 

Attraction at Earth's Surface, 100. 

„ of the Moon, 100, 
Axis, 10, 47. 
„ Inclination of, 47. 
„ Parallelism of, 47. 
Azimuth, x6. 
Calendar, Julian, 66. 

„ Gregorian, 67. 
Celestial Sphere, 12. 
Centrifugal Force, 30, 20X. 
Centripetal Force, 201. 
Change of Eccentricity of Orbit, 104. 
Change of Equinoctial Points, 102. 
Circles, Division of, 14. 
I, Great, it. 
„ Small, II. 
„ of Illumination, 4Q. 
„ Daily, of Stars at the Poles, 58. 
„ „ „ at Equator, 59. 

„ in Middle Lati- 
tudes, 59- 
of the Sun, 60. 

at the Poles, 6x. 
Equator, 6x. 
Tropics, 61. 
Temperate Re- 
gions, 6>. 
„ Polar Circles, 62. 
Comets, 97. 

Compass, Mariner's, 15. 
„ Points of, 14. 
Constellations, 44. 
Day, a8. 

,, Sidereal, 63. 
'^ „ Solar, 63. 

„ Mean Solar, 64. 
„ Lunar, 74. 

„ and Night in Different Lati- 
tudes, 50. 
„ Kinds of, 66. 
Declination, 20. 
Degrees, Length of, 19. 
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Degrees, Measurement by Timet >4' 

„ by a Star, 25. 

„ Triangular Method, 35. 

Distance, Estimation of, 85. 

,, of Fixed Stars, 86. 

,, of Sun and Moon, 87. 
Earth, The, 9. 

„ Shape of, 9. 

„ Proofs of Rotundity, 9. 

if Modes of Measurement, 24. 

,. Irregularity of Surface, ay. 

„ Rotation of, 28. 

„ Attraction of, ai. 

,, Flatness at Poles, 39. 

„ Proofs of Annual Motion, 41. 
Earth-shine, 71. 
Eclipses, Total, 75. 

„ Annular, 75. 

„ Number in a Year, 76, 

„ of the Sun, 77. 

„ Partial, 77. 
Ecliptic, 43. 

„ Obliquity of the, loa. 
Equator, 11. 

„ . Position of, in the Hearens, 58. 
Equation of Time, 65. 
Equinoctial PcMnts, 44. 
Equinox, 4^. 

Establishment of a Port, 81. 
Force, Centrifugal, 30. 
Gyroscope, 33. 
Gravitation, 99. 

„ Law of, 78, 
Heavens, The, do not Revolve, ag. 
Horizon, Terrestrial, la. 
„ Celestial, 13. 

„ Rational, 13. 

Kepler's Laws, or Facts, 96, 99. 
Lagging, 80. 
Latitude, 16. 

„ Greatest, 17. 

„ Parallels of, 17. 

„ Difference in the Degrees of^ 3^ 

„ Found by Pole Star, 38. 

„ „ by Zenith, Distance of Sun, 40. 

„ Celestial, 45. 
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Libration, 73. 


Planets, Superior, 04. 


Light, Velocity of, 53. 


„ Bode's Law, 94. 


,, Aberration of, 55. 


„ Relative Distance and Mag- 


„ of Distant Stars, 88. 


nitude of, 95. 


Longitude, 18. 


„ their Years, 95. 


„ Finding the, 36. 


„ „ Days, 96. 


„ Relation to Time, 37. 


Polar Star, X4. 


„ Lunar Method of Finding, 38. 


Poles, II. 


„ Celestial, 45. 


Position of a Place, 19. 


Map Drawing in Relief, 1^5. 


Precession of Equinoxes, 102. 


Maps, X05. 


Priming, 80. 


„ Contour line xi6. 


Projection, xo6. 


„ Lehman's, 1x7. 


„ Stereographic, 106. 


Meridians, xx. 


„ Orthographic, 107. 


Meteorites, 97. 


„ Globular, X07. 


Meteors, 97. 


„ Mercators, 109. 


Monsoons, 35. 


„ Conical, xi2. 


Month, Sidereal, 6g. 


„ Delislc's Method, 1x3. 


„ Synodical, 72. 


„ for Special Maps, 1x3. 


Moon, Rotation of, 69. 


„ Flamstead's, 1x4. 


„ Phases of, 69. 


Quadratures, 71. 


„ Cause of Phases, 70. 


Radius Vector, 97. 


„ in Conjunction, 70. 


Refraction, 5 a. 


„ in Opposition, 70. 


Right Ascension, 20. 


„ Waning, 7X. 


Seasons, Causes of, 46. 


„ Surface of, 74. 


Solar System, 98, 


» Orbit of, 74. 


Solstice, 45. 


„ Harvest, 82. 


Stars, Apparent Movements of, 38. 


„ to Find her Distance, 88. 


Sun's Path, 64. 


Nutation of Axis, 102. 


„ Apparent Circuit, 43. 


Nadir, 13. 


Syziges, 71. 


Newton's Law, 99. 


Tidal Bore, 82. 


Night, 28. 


Tides, 78. 


Nodes, 75- 


„ Time of, at Different Places, 79 


Orbit of the Earth, 41. 


*> ,, Same Place, 79. 


„ Elipticity^of, 46. 


„ Spring, 8a 


Parallax, 84. 


„ Neap, 80. 


„ Use of, 85. 


Tide Wave, 8x. 


„ Horizontal, 87. 


Twilight, 51. 


Perigee, 87. 


Venus, Transit of, 90. 


Perihelion, 88. 


Vertical Lines, 22. 


Perturbations, xox. 


Weight, Whole Difference of, 30. 


Pendulum, Foucault's, 3X. 


Winds, Trade, 33. 


„ „ at the Pole, 3a. 


„ Anti-trades, 35. 


Photolithograph Maps, X17. 


Year, Anomalistic, X04. 


Planetary Movements, 5 a. 


Zenith, 13. 


„ Apparent Irregularity of, 53. 


Zodiac, 44. 


Planets, 93. 


Zones, 2a 


„ Inferior, 94. 
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LATIN. 

AN EASY ELEMENTARY COURSE OF LATIN. Being a series ot works of a progres- 
sive character, and in bold type, for simplifying and expediting instruction in Latin. Bj 
William Dodds. Revised by J. R. Morkll, formerly one of H.M/s Inspectors of Schools; 
Book I. — Contains the dedenslons of nouns and the prepositions. Book II. — The a4JectWe and 
pronoun. Book HI— The conjugations of verba. Book IV.— Irregular verbs and indeclinable 
parts of speech. Pri' e 6d. each part ; or complete, cloth, ^ Key, 6d. 

THE POETICAL LATIN READER. Selections from Ovid, with Notes and Vocabulary 
By C. BiLTOV, B.A. Price 2s. Cd. 

REGISTERS. 

REGISTER CARD OP ATTENDANCE AND PROGRESS. Pric«» Id. 

THE TREASURER'S CASH BOOK. Price (60*leaves), 4s. and 6s. 6d. ; (100 leaver), 66. 
and 7s. 6d. 

DRAWING. 

GEOMETRICAL DRAWING TEST PAPERS. For preparing Pupils to pass the Govern- 
ment Examinations in Elementary Drawing. By William Smith, Head Master, Orphan Work- 
ing School, Havers'^ock-hill. Grade I.— The Set contains four Sheets, or Seventy-two Tests. 
Sold in Packets of Twenty Sets (Kighty Papers), at Us., or in Books, of Two Sets each, at 4& per 
doaen. Gradr II.— The Set contains Six Sheets, or Seventy-eight Tests. Sold in Packets of 
Twelve Sets (Seventy-two Sheets), at 3s. ; or in Books of One Sec each, at 4s. per dozen. 

MURBY'S FREE HAND EXAMPLES, Designed by W. A. Smith, Certificated Master of 
the Department of Science and Art. 24 designs, size ISin. by lOin. To be copied by a whole 
class simultaneously. Price 2s. per set, plain ; or 5s. on cards and with rings. 

MUSIC FOR SCHOOLS. 

THE MUSICAL STUDENT'S MANUAL. A Theoretical and Practical Treatise on the 
Elements of Music, and the Pi-actice of Singing at Sight. Bj T. Murbt. Crown 8vo, 228pp., 
cloth, 3s. 6d. 

MURBY'S INTRODUCTORY MANUAL OP THE THEORY OF MCJSIC. Part 1., 
price 6d. This little work is issued for the assistance of pupils preparing for examination in 
Tiusic, either at the Oxford and Cambi idge Local Examination, the Queen's Scholarship or 
Certificate Examination, or for those given by the Science and Art Department, South 
Kensington. 

NEW TUNES TO CHOICE WORDS. A Collection of simple Part Songs, chiefly original, 
for Schools and Homes. Books I. and II., each containing Thirty-two Pieces, cloth, la. 6d. each. 

THE JUVENILE TONIC-SOL-FA PART-SONG BOOK. Uniform with Curwen's Tonie- 
Sol-Fa Reporter. Seconil Edition, price 4d. By Hekry Ball, Head Master of Royal Lan- 
casterian Schools, Maiiche.%ter ; and Georoe Thornlet, author of " The Choir," " The Scholar's 
Hymn and Tune Book," &c., &c. A collection of 40 songs, arranged in three parts, in the . 
Tonic-Sol-Fa Notation, fo;* the use of Schools. 

THE MERRY-GO-ROUND. A collection of Rhymes, Jingles, and Songs, for the amuse- 
ment of the little ones. By Thomas Murby. Is. sewed, Is. 6d. cloth. 

MORBY'S MELODY PIECE BOOK. For use in Schools and Families. In two parts, 
6d. each. Part 1. containing sixty-four, and Part 11. sixty-seven pieces, melodies and words 
Compiled by the Rev. W. J. Denman, Stoke-by-Clare, Suffolk. .Music revised by T. Misrbt. 

THE LORD'S PRAYER, set to Music for the opening or closing of School. By T. Mdbbt. Id. 

SINGING AT SIGHT. By E. W. Searle. In two parts, fcap. 4to., 6d. each. 

*«* Schools supplied with all kinds of School materials. Stationery, and Furniture, at 
Wholesale Prices. The Publications of other firms supplied on Wholesale Terms. 

LOVDOir : 32| BOUYEBIE STBEET, FLEET STBEET, E.C. 
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MURBY'S SCIENCE AND ART SERIES. 

[Edited by Sydney B. J. Skertchly, F.O.S., H.M/S Geological Survey.j 

%* In deference to the wishes of numerous coiTespondents who are using this Series, the 
Publisher has determined to abolish the half-cloth edition of all the volumes, and to reduce 
the price of the cloth editions. 

PHYSICAL GEOGRAPHY. By the Editor. Is., cloth. 

GEOLOGY. By the Editor. Is., cloth. 

BOTANY, Structural and Physiological. By Alfred Gruoeoit. Is., cloth. 

CRYSTALLOGRAPHY, with Coloured Biagrams, flrom which handsome Models of the 
princitMd Crystals may be readily constructed. By J amiss B. Jordan, of the Museum of Practical 
Geology. Is. 6d., c^oth. 

MECHANICS, is., cloth. 

HYDROSTATICS, HYDRAULICS, and PNEUMATICS, la., cloth. 

NATURAL PHILOSOPHY. The two preceding vols, in one. Price 28., cloth. 

INORGANIC CHEMISTRY. By R. Meldola, F.C.S., Royal College of Chemistry and 
Science Examining Schools, South Kensington. Non-Metallic Elements, Is., cloth. 

INORGAN IC CHEMISTRY. The above volume with the addition of the Metallic Elements 
and Chapters on Analysis, Is. 6cl, cloth. 

MINERALOGICAL TABLES, describing the Physical and Chemical Properties of all the 
important Minerals. By F. Noel Jewesbcrt, RA., Caius College, Cambridge. Is. 6d., cloth. 

MINERALOGY. By F. Rutley, F.G.S., H.M.'s Geological Survey. Is. 6d., cloth. 

PROJECTION. OR PRACTICAL SOLID GEOMETRY. By J. Payne, of the School of 
Science, Charterhouse. Is. 6d., cloth. 

ANIMAL PHYSIOLOGY. By K T. Newton, F.G.S., Assistant NaturaUst H.M.'s Geo- 
logical Survey. Is., cloth.' 

HEAT, LIGHT, AND SOUND, (in the press.) 

ELECTRICITY AND MAGNETISM. Un the press.) 

MURBY'S NATURAL HISTORY WALL SHEETS. 

Adopted by the London and principal Provincial School Boards. 

A SERIES OF PICTORIAL DIAGRAMS AND NATURAL SPECIMENS, illustrative of 
Human Physioloey, Zoology, Botany, Geology, and Mineralogy. By A. Boccard, Naturalist, 
Corresponding Member ot the Zoological Society of London, de la Commission Scientiflque 
du Mexique a Paris, &c., &c ; assisted by several eminent Professors. 

The Series contains Twenty Sheets, I8in. by 24in., comprising 166 Diagrams of Animals and 
Plants, Ufe size, beautifully printed in colours, and 37 Natural Specimens of Woods and 
Minerals ; neatly mounted on very stout cardboard, with rings for hanging on the wall. 

SHEET L— Man.— Respiration, Circulation of | SHEET 12.— Plants, DicotyUdons.—hefpamU 

nous Tribe. 

„ 13.— Plants, Dicotvledotu. — Umbelli- 
ferous and Solanaceous Tribes. 

M 14.— Plants, Diootirtedons. -Olive .Rose 
Cruciferous and Vine Tribes. 

„ 16.— Plants, DJcofyZedons. — ^ ettle. 
Mallow, and Flax Tiibes. 

„ 16.— Plants, Di«oty2«(iotw. -Coniferous 
and Cupuliferous Tiibes. 

„ 17.— Plants, Monocotyledons.— Qnaa 
and Lily Tribes. 

„ 18.— Plants, Aeotyledxm». — Fern, 
Mushroom, Moss, Lichen, and Sea- 
weed Tribes. 

M 19.— Geology.— Study of the formation 
of the earth, Fossils. 

„ 20.— Mineralogy.— Mineralsemployed 
in the Arts (Natural Specimens). 



the Blood, Digestion. 

„ 8.— Man.— Organs of the Senses. 

^ 3.— Vertebrates.— Mammals, Dental 
System, Insect Feeders. 

„ 4.— Vertebrates.— Birds. 

„ 6. — ^VERTEBRATEa — RoptUes, Fish. 

„ 61.— Articulates.- Useful, Auxiliary, 
and Injurious Insects. 

„ 7.— Articulates.— Crustacea, Intes- 
tinal Worms, Annelides, MoUusca, 
Radiates (Zoophytes). 

„ 8.— Plants.— Woods (Natural Speci- 
mens). 

„ 9.— Plants— Leaves, Flowers. 

„ 10.— Plants.- Fruits and Seeds, Ger- 
mination. 

„ lL—PLANn,I>ieoty2«dotu.— Composite 
Tribe. 



The Set complete, with MiLTniai of Natural History, in a strong box, 428. ; the Manual separate, 

4s. paper ; 4s. 00. cloth. 
%* The New Edition of the Manual has been revised by several Professors of eminence 
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